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SOME PROBLEMS IN THE GENETICS OF THE FUNGI 


By Dr. B. O. DODGE 


THE NEW YORK BOTANICAL GARDEN 


INTRODUCTION 


Nor every one has had an opportunity, or the 
desire, to study the fungi critically. Most people, 
however, are more or less familiar with molds, mil- 
dews, mushrooms and yeasts. Those of you who were 
brought up in the country districts may remember 
how you enjoyed kicking over toadstools and puffing 
puffballs in each other’s faces. The man who collects 
wild mushrooms in woodlands for food seldom thinks 
of them as plants. Botanists, on the theory that all 
living things must be either plants or animals, place 
the fungi in the plant kingdom. They say that if 
fungi ever had chlorophyll they have lost it through 
degeneration, and degenerates make little progress in 


‘Presented at a general session of the Third Interna- 


mg Congress for Microbiology, New York, September 6, 


evolution. It is a very common belief that the fungi 
are of little economic importance except as they cause 
decay and disease, and, since they show little evolution, 
their study would promise little as to throwing light 
on the great life processes. As a matter of fact, just 
to mention two examples, the fungi and bacteria are of 
inealeulable value in building the soil and maintaining 
its fertility. Yeasts rival our boasted billion dollar 
corn crop, if we count the value of alcohol and other 
useful products of fermentation. 

The old attitude is changing, as witness the interest 
in sex and genetics of fungi manifested during the 
past ten or fifteen years. This work will certainly be 
greatly facilitated in the next decade by the use of 
growth substances and sex hormones to bring into 
fertile cultures species of obligate parasites not now 
at all adapted for this type of genetic study. We may 
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then hope to see a recognition of the fungi more in 
accord with their real importance in the great king- 
doms of living things. 

The farmer has known for sixty: or seventy years 
that he should destroy the barberry because it is the 
alternate host of wheat rust. It is only very recently 
that a more important reason for destroying the bar- 
berry has been discovered, namely, it provides the 
opportunity, through mutation and hybridization, for 
the rust to develop new biologie races. Dr. M. B. 
Waite of the Department of Agriculture, who spent 
many years breeding pears for blight resistance, used 
to say that the real function of a plant pathologist 
was to turn plant breeder and develop new races of 
economic plants for disease resistance. It was sug- 
gested to him that while man was busy breeding up 
races of the host for resistance, mother nature was 
probably busy breeding up new races of the parasite 
for pathogenicity.2, This brings us to the subject of 
this diseussion—problems confronting those who are 
interested in resistance and immunity as well as those 
who would take up this rather new subject, myco- 
genetics. 


GENES IN DIPLOID AND HAPLOID STRUCTURES 


In genetic studies of higher plants and animals the 
effects of factors of inheritance are usually manifest 
in connection with diploid structures, where each 
nucleus carries two sets of genes, one set contributed 
by each parent. The haploid mycelium of a fungus 
shows many variations as to color, types of growth 
and in the production of propagating bodies of all 
sorts. The foundation structures of the fruit bodies 
themselves are haploid. One is, therefore, enabled to 
observe in the fungi the effects of a single set of genes 
without the complications which are bound to arise 
when two different sets are present, as in diploids. 


ASEXUAL AND SEXUAL STAGES OF FUNGI 


At some time in the normal life cycle of a fungus 
there occur certain nuclear fusions. This phase is 
called the sexual stage, in contrast to the asexual stage 
which is a purely vegetative one where propagating 
bodies may or may not be developed. It was early 
found in all fungi where the story was complete, that 
the primordial reproductive structures both arose from 
a common stalk or branch of the mycelium. The 
classic text-book figures of Aspergillus, Penicillium and 
Sporodinia illustrate this type of development. This 
was accepted as proof that in the fungi each cell, or 
each nucleus, carried all of the inheritance of the 
species. Every individual was totipotent. Reproduc- 

2 We were just learning that we could cross races and 
species of the bakery molds just as easily as one could 


cross smooth and wrinkled peas, and with comparable 
results. 
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tion involving two different individuals was thong 
to be impossible. If a mycelium derived from a sing), 
spore did not produce zygospores, ascocarps oy , 
mushroom, as the case might be, it was because th 
conditions were not suitable. This notion, held by oy 
ultra-conservative leaders in botany, blocked myo. 
logical progress for years. 


HETEROTHALLISM AND HOMOTHALLISM 


Blakeslee, in 1904, proved that in a number of 
species of the zygomycetes one can obtain zygosporg 
only when two mycelia of opposite sex are mated, 
Gametangia are never produced-on mycelia from single | 
spores. Blakeslee suggested that such species be called 
heterothallic. Sexual reproduction requires mating 
what he called + and — races. Segregation of the sex 
factors is strictly bipolar and genetic. Species like 
Sporodinia are homothallic, because zygospores are 
produced on individual mycelia. Since that time 
heterothallism and homothallism have been found side 
by side in genera of all of the great groups of fungi, 
and this fact must be taken into account in all genetic 
studies involving the fungi, directly or indirectly. 


MENDELISM IN THE NeEuROSPORA (MONILIA) 
Bakery 


The salmon-pink bakery molds are of world-wide 
distribution, and are found especially in the tropics 
on burned-over sugarcane fields and on forest trees 
scorched by fires. The aerial branches bearing the 
monilioid conidia are also brightly colored. It was 
long thought that these molds had lost their power to 
reproduce sexually because they had evolved such an 
efficient method of propagating themselves asexually. 
The ascocarps, small pear-shaped fruit bodies about 4 
mm in diameter, are obtained in culture only when two 
races of opposite sex are grown together. In three 
species the asci have eight spores each. These species 
are obligately heterothallic, so that four spores in an 
ascus are of one sex and four of the opposite sex, in 
their reaction. Three other species have 4-spored as¢i. 
They are not homothallic, although a single spore con- 
tains all of the essentials for reproduction. ach 
spore is originally provided with two puelei of opposite 
sex. 

MUTATIONS AND SEGREGATIONS 


Medicai mycologists in culturing skin disease fungi 
often find their old cultures “going pleomorphic” 4s 
they say. Sectors or spots of growth appear which 
are perhaps lighter in color, more fluffy and devoid 
of a certain kind of spores. This phenomenon proba- 
bly does not differ from that to be observed in cultures 
of many other fungi. The question as to whether 
sectoring represents a true mutation or is a temporary 
phenotypic change due to cultural conditions is not 
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»sily answered unless the sexual stage of a species is 
own. The application of growth substances and 
»x hormones here would be well worth trying out. 
Mutations occur in these pink bakery molds as in 
Ber fungi and many different types of growth can 
, obtained in culture. We have one mutant albino 
on-conidial race which is stable. It may serve to 
emonstrate Mendelian segregation and how well these 
ngi are adapted for genetic study. 

When we mate the albino race in culture with a nor- 
nal salmon-pink race, hundreds of ascocarps mature 
‘thin a few days. These are all exactly alike geneti- 
Bally, because every cell of a mycelium is potentially 
® gamete, and these must all be alike. The identical 
ross can be made over and over again through a term 
yf years. We sometimes call these ascocarps devel- 


a ped from the mating, hybrid ascocarps, but it is 


ly the individual young asci that’are actually diploid 
und, therefore, hybrid, because their fusion nuclei do 
Kontain the inheritance contributed by both parents. 
rushing out the ascus cluster from the fruit body, 
ve find that the asei are all 8-spored and look alike. 
he ascus is a mother-cell in which the chromosomes 
Mndergo reduction, with segregations and new com- 
Hinations of factors just as at maturation in animals 
ind seed plants. When the eight spores are isolated 


ne by one in order and are grown in tubes, we see a 


perfect demonstration of simple Mendelian segrega- 
tion. Four races are albinos, the other four are 
orange-colored. By test it is proved that four races 


are of one sex and four of the other. We have now 


something new which has been obtained by hybridiza- 
tion, namely, a new albino race of the sex opposite 
to that of the one we started with. When there are 


Stour kinds of races it is possible to mate two albinos 


and find that all of their f, progeny are albinos, and 
so with the orange-colored races. 

The mechanism by which the spores become so regu- 
larly distributed is very simple. The reduction divi- 
sion spindle and those of the second division are longi- 
tudinal, while those of the third division are transverse. 
When segregation for any pair of factors occurs in 
the second division the spores alternate two and two 
tor these factors. If one pair of factors segregates 
in the first division and some other pair segregates in 
the second division, four kinds, and only four kinds, of 
spores can be found in one aseus. Lindegren was the 
first to suggest that second division segregation here 
is due to crossing-over. He has since proved, through 
the use of several linked genes, that second division 
Segregation percentages are accurate measures of 
crossing-over percentages and he has constructed the 
first chromosome maps in the fungi on that basis. The 
eight spores from an ascus are comparable to the four 
*sgs and four sperms in animals. Since, in Neuro- 
Spora, gametes of both kinds are derived from a single 
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mother cell the exact relationship of all eight is known. 
The closest possible inbreeding can be done without 
loss of three out of four gametes as is the case in 
animals and seed plants. . 


MENDELISM IN YEAST FUNGI 


Because of the great economic importance of bread- 
making and the commercial value of alcoholic fermen- 
tation the yeasts have been the object of intensive 
research. Sexual reproduction with nuclear fusion at 
ascus formation has long been known for certain 
genera of yeasts. The common bakers’ yeasts, wine 
yeasts and brewers’ yeasts, however, were presumed to 
develop parthenogenetically, spores being formed with- 
out reduction of chromosome numbers. Hybridization 
of these most useful yeasts was deemed impossible on 
this account. Winge has shown how false this notion 
was, as he has made fourteen hybrids to date. He says 
that after spore germination a short period of budding 
occurs, then two of these small roundish buds fuse to 
form a larger ellipsoid cell which becomes diploid by 
nuclear fusion. This is a departure from what is 
known for other fungi where normally the vegetative 
phase is strictly haploid. Christiansen and Chilton 
have reported solo-pathogenic individual cases of corn 
smut where the mycelium is diploid, but at reduction 
normal haploid sporidia are formed, showing that this 
is merely a temporary aberration. ; 

Winge and Laustsen have shown in a very simple 
way Mendelian segregation in the slime flux yeast 
Saccharomycodes Ludwigii, where the two spores at 
either end of the long ascus must be of opposite sex. 
Normally they germinate within the aseus and im- 
mediately fuse. Budding out of elongated diploid cells 
then occurs. By isolating the four spores from an 
ascus before they have germinated and fused in pairs, 
it is found that they will germinate in culture. One 
spore of each pair will give rise to a haploid yeast 
either with short buds or with long buds depending on 
its genotype. These haploid yeasts can be grown 
indefinitely in culture. The other two spores from the 
ascus, if they germinate, soon die. 

It was assumed that two pairs of factors are operat- 
ing to account for this behavior; N/n control spore 
germination, and L/l determine whether the growth 
shall be by long buds or short buds. Any spore con- 
taining the factor m may germinate but it will always 
die. The authors are not clear as to the sex factors 
operating here. From their report one could assume 
that there is a very close linkage between the +/— sex 
factors, and the L/l, growth type factors. They later 
found that in one aseus, both spores of one pair ger- 
minated and produced haploid yeasts, one with short 
buds and the other with long buds. They allowed the 


other pair of spores to germinate in the aseus and © 


they then proved by further analysis that the factor 
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n had mutated to N. The diploid growth, when 
allowed to form new asci, showed that these asci were 
homozygous for the factor N, because all four of their 
spores germinated to produce haploid yeasts. 

It looks as though m were a lethal factor that pre- 
vents germination and that it was originally itself a 
mutant which later reverted to the normal N or wild 
type. That is, in passing from n to N it represents a 
reversion to and not a mutation from the wild type. 

Should we expect a wild yeast to be heterozygous 
for two such distinct specific types of growth? Muta- 
tions are apt to occur in fungi kept long in cultures. 
This point could be settled by analysis of other cul- 
tures of this species collected from the wild or from 
other sources. If, on the other hand, S. Ludwigii 
is heterozygous through previous hybridization, it 
could mean that fusions do occur between haploid cells 
outside of the ascus. Possibly the application of 
growth substances or sex hormones would bring on 
cell fusions and hybridization outside the aseus as in 
other yeasts where Winge has already obtained four- 
teen hybrids, as noted above. 

As the result of a mutation or some other irregu- 
larity, a bisexual race of Neurospora tetrasperma ap- 
peared in culture in which the nuclei of one sex ear- 
ried a lethal factor. This lethal operates to prevent 
an ascospore with a single nucleus from germinating 
to form a functional mycelium. If this lethal nucleus 
is earried in the same spore with a normal nucleus, 
that spore germinates normally to produce, under suit- 
able cultural conditions, a functional myeelium which 
will mature ascocarps with asci. Then the situation 
is exactly comparable to that described by Winge. 


SEX-LINKED CHARACTERS 


Haemophilia and color blindness are familiar ex- 
amples of what are called sex-linked characters in 
humans, characters which are inherited by a man from 
his maternal grandmother. In genetic language this 
means that certain lethal factors are carried on the 
sex chromosome, X. In our heterothallic ascomycetes 
we have chromosomes which carry factors determining 
sex reactions. Any genes in these chromosomes would, 
in a sense, be sex-linked, although we do not have 
maleness and femaleness here as in animals. 

Saccharomycodes Ludwigii is normally a diploid 
yeast, according to Winge, and always heterozygous 
for the sex factors which segregate at the formation 
of ascospores. If the growth-type factors, L/l, are 
so strongly linked with the sex factors that crossing- 
over is difficult or impossible, the yeast could very 
naturally exist in nature in a heterozygous condition 
for these factors and be a “balanced heterozygote.” 
Here is a sex-linked differentiation which some will 
insist is a real sex difference. Of course, the larger 
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and longer bud types are female, the smaller buds gy 
male! That is, we have here male and female yeas, 
Further work will no doubt disprove such a sy, 
ment. 

We have in Neurospora tetrasperma a similar » 
ample where certain factors are strongly linked Wit 


the sex factors. Races of one sex produce golj. imme. 


orange conidia; races of the other sex produce copii 
masses more pinkish in color. We have never proyy 
a cross-over. A culture of this species from Tey 
also showed a similar linkage. One can readily tel] 
their appearance which progeny races will mate yj 
which will not. This situation is comparable to thy 
found by Blakeslee and which led him to designg 
as “+,” races that produced more sporangia than tly 
others which he called “—.” This is another good q 


ample of “sex-linkage” in fungi. 
“HysBrip” MusHROOMS 


The discovery of heterothallism and the secret ( 
clamp formation in mushrooms by Bensaude w 
Kneip independently during the last World Wu, 
proved a great stimulus to genetic work in this typ 
of fungi. Students have stated that they have o 
tained hybrids by uniting differently colored haplai 
races, say, pink and white of opposite sex, throug 
anastomoses, to form a dicaryophytie growth of li 
nucleate cells. Three questions arise here. (1) An 
the cells of the dicaryophyte diploid? (2) Is th 
dicaryophyte heterozygous? (3) Is pink dominat 
over white? To all of these questions the answer i 
no. A diploid cell as defined by Strasburger is ot 
in which its nucleus contains the double number 
chromosomes. Such a diploid eell is to be cleat 
distinguished from a eell containing two _haplai 
nuclei even though they are of opposite sex. Sint] 
only diploid nuclei can be heterozygous, pink couli iM 
not be dominant over white. We can not think oft® 
sperm as being heterozygous. The fertilized egg coll 
be heterozygous. The basidia of the mushroom at 
diploid and normally they are the only cells in co 
nection with which dominance could be expressed. 

Dicaryophytes or mixochimeras are among the m0 
interesting and important phenomena in the whol 
biology of the fungi. They occur in several groups ! 
fungi. They are more interesting for what they a" 
than for what they are not. If the two nuclei fustl 
as they came into a cell to give us a true hybrid my 
celium so that a true hybrid mushroom would rest! 
in the end, that would cease to be interesting becals 
that is exactly what ought to happen, judging from the 
way embryos are developed in animals and seed plant 
It is easy to understand what is meant by a diploi 
phase, but we have not yet opened our eyes to the 
beauty and significance of these dicaryophytic haploit 
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inerships. Diearyophytes in general constitute one 
the most important problems in the genetics of 
. a is difficult to see how one could obtain a true 
rid mycelium under normal conditions. The larger 
St of fruit bodies of mushrooms and ascomycetes 
} haploid; therefore we should not use the term 
prid to describe a mere intermingling of hyphae or 
clei of two different races to form the framework 


such structures. If commercially valuable as mush- 
tell by ioms they could be propagated as spawn and given 
te aM rade name. They are a sort of chimera or graft 
‘0 thi ieprid, and any apparent dominance is a false one. 
‘ignahMm+or the fusion of two nuclei to form a hybrid 
an the idium or an ascus, the spores that are produced 


Boy reduction may give rise to various sorts of 
Bycelia because of new combinations of factors; but, 
these new f, mycelia are haploid, they are not 
terozygous and not hybrids. 


DOMINANCE IN FUNGI 


and 

Wa, fie Real dominance in fungi is well demonstrated when 
‘tyme crosses an 8-spored species of Neurospora with a 
e ohfmmspored species. All F, asei are 8-spored, although 


ere is much spore abortion in these interspecific 
brid asci. Eight-sporedness is dominant over 4- 
oredness. Real dominance is also shown when a 
Bcc of smut with smooth spores is crossed with a race 
ving rough spores and the F, spores are rough. 
¢etrasperma, when both parents in a mating 
er sfmmprry a certain recessive factor for ascus abortion, 
ofall of the F, asei from a mating, being homozygous, 
r of mort without spore formation. However, if one par- 
ary mnt is normal and the other carries the lethal, all the 
loi i, asci are heterozygous and form spores normally. 
e wild type faetor is dominant over the recessive 
ould iethal. In another race of this same species, asci that 
of. fmre heterozygous for a certain other lethal usually 
vuld Port and become indurated. Here the lethal is domi- 
an over the corresponding factor carried by the 
wild type race. 


Hysrip VIGOR 


ok fe Hugh Dixon, working with Neurospora crassa, has 
af cently reported a race which he says shows hybrid 
wt Masor because the mycelium grows so much faster than 
ed feors that of either parent. Since the mycelium must 
y. haploid it eould not show hybrid vigor. It is a 
| ew race which happens to have a different combina- 
7 of factors that affect growth. These were con- 
he Meebuted to it at the development of the spores in the 
8scus which was a real hybrid. 
1 Winge and his associates have reported, as noted 
¢ #ee'eViously, that a number of our common yeasts of the 
d dustries are actually diploid. They point out, fur- 
er, that some of their new races show a certain 
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amount of hybrid vigor, or the effects of heterosis. 
This is clearly possible and no doubt true if their 
yeasts are actually diploid. This is the first time that 
an improvement of yeast strains has been undertaken 
by geneticists. 


PROTOPLASMIC STREAMING 


Protoplasmie streaming in coenocytie fungi as well 
as in fungi with septate mycelia is often so vigorous 
in young growth as to carry vacuoles and other inelu- 
sions rapidly in the stream. The question arises: are 
the nuclei ever carried in the stream like other inelu- 
sions, or are the nuclear migrations in Neurospora and 
Gelasinospora due to sex attractions? Two races of 
opposite sex grown together in culture become hetero- 
caryotic; but would intermingling of genetically dif- 
ferent races of the same sex also give rise to a hetero- 
caryotic mycelium because of nuclear migrations due 
to streaming? 


PHENOTYPIC AND GENOTYPIC SEX DIFFERENCES 


No antheridia or archegonia are produced in one- 
spore cultures of Ascobolus magnificus, which is 
strictly heterothallic. When + and — races are grown 
opposite each other, antheridia and archegonia are 
produced in the zone where hyphae of both races inter- 
mingle. These organs always arise from different 
branches. Due to the maze of branching and anasto- 
mosing, it is impossible to trace their origin back very 
far one way or the other. This species ought to re- 
spond to the application of sex hormones to deter- 
mine whether only antheridia are produced by one 
race and archegonia by the race of opposite sex re- 
action, proving that +/— relations are strongly linked 
with factors representing morphologically differenti- 
ated organs. 

Blakeslee long ago made tests of +/— races of 
Phycomyces against hermaphroditie species of Zygo- 
rhynchus and Absidia. His results would indicate 
that mere size differentiations are not a reliable test 
for sexuality. If sex-linked genes are concerned, we 
must expect crossing-over, provided cell size factors 
and sex reaction factors are neither identical nor 
alleles. 

Raper has added support for the theory that sex 
stuffs or sex hormones play an important part in sex- 
ual differentiations and sex reactions. This is not say- 
ing that I accept the statements by Moreau and his 
associates to the effect that a unisexual race of Neuro- 
spora derived from a single spore from an 8-spored 
aseus can be induced to mature ascocarps with asci 
and spores simply by the stimulus furnished by hor- 
mones produced by a mycelium of the opposite sex 
reaction. I have repeated their experiments many 
times without finding any evidence in support of their 
claims. I have faith, however, that growth substances 
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and hormones will prove very useful in inducing a 
fungus race to develop to the full extent of its poten- 
tialities as represented by its factors of inheritance. 
The theory of relative sexuality is being lifted above 
the realm of mysticism by Moewus and his associates 
and presented in a form that can be more generally 
accepted. They are studying the simple one-celled 


algae genetically. Chlamydomonas Braunii is a spe- ° 


cies having gametes of two different sizes, male and 
female, as they are called. It is strictly heterothallic 
genetically. Evidently the factors for heterothallism 
or +/— sex reaction characters, are very closely linked 
with the factors that determine cell size. C. eugametos 
occurs in several forms, one is isogametic and hetero- 
thallic. These sex factors segregate according to the 
Mendelian ration 50:50. By mating races of this spe- 
cies against 2 and ¢ races of C. Braunii, Moewus 
proves that the “+” race of C. eugametos is female 
and the “~—” race is male, and from this point on he 
discards the +/— symbols. This is interesting, coming 
from one of the foremost exponents of the theory of 
relative sexuality. He says in effect that two gametes 
morphologically exactly alike can be genotypically 
male and female because of the way they function. 
Other varieties of this species are hermaphroditie in 
the sense that sex differentiation is phenotypic so that 
each cell of the sporeling develops gametes, the prog- 
eny of which may fuse. Moewus explains this ap- 
parent anomaly by assuming that the realizators F 
and M are located on homologous chromosomes, but 
they are not alleles. Time does not permit further 
analysis of this work, but it should certainly prove 
illuminating and helpful to those who are working 
with similar problems in the fungi, such as species 
of Glomerella and other homothallic fungi. 

Every mycelium of Neurospora sitophila develops: 
(1) incipient ascocarps with receptive organs; (2) 
small microconidia or spermatia and (3) large mo- 
nilioid conidia. In earlier days I would have insisted 
that the receptive structures are female, the micro- 
conidia are male, and the monilioid conidia are asexual 
spores. To-day I am not so sure. If the spermatia 
are male because they can function in fertilization, 
then the monilioid conidia are super-males because 
they can do everything the spermatia can do and do it 
better. Suppose you take a little brush and wipe up 
some of the orange-colored powder from an infected 
loaf of bread, and then paint this on a culture of a 
mycelium of the opposite sex. Observe what follows 
after 24 hours and then sit down and write me defi- 
nitions of sex, male and female, that will apply equally 
well to animals, higher plants and the fungi. 


DouBLE FERTILIZATION IN ASCOMYCETES 


The older myecologists assumed a nuclear fusion in 
the primordia of ascocarps to be the essential stimulus 


for further development. Such an assumption y» 
seem logical if we again consider embryo anj , 
formation in animals and plants. The discovery J 
a century ago, that two nuclei fuse at the origiy 
the ascus and the basidium, stimulated cytologic 
search to find nuclear fusions in the ascocary in, 
mordia. As a result of these studies double feytj,.i—, 
tion or two sets of nuclear fusions in the life oy 
of a number of species of ascomycetes have bem , 
ported, the fusion in the primordia being the jy ; 
fecundation, that in the ascus merely a compensjy 
fusion. This has been supported by cytologica] » 
dence that a double reduction of the number of ¢y 
mosomes occurs in the nuclear divisions in the agin 
Gwynne-Vaughan and her associates have repory 
double fertilization and double reduction in A scobjjy 
magnificus and A. stercorarius. From what we 
know of the genetics of Neurospora and the \\im 
nomenon of crossing-over it would not be- difficulty 
settle this old controversy once and for all by a geug 
study of the two species of Ascobolus just mention 
In crosses involving three pairs of genetic factors si 
as factors for sex, for spore color and for type 
mycelial growth, we should find that the spores wo 
alternate either four and four or two and two for» 
pair of factors, if there has been only one nucle 
fusion. Regardless of how many pairs of facta 
should be represented in the mating no ascus show 
ever show over four kinds of spores. 4 

Those who uphold the theory of a double fertilaii 
tion and double reduction could prove their pon 
absolutely by finding either that the eight spor 
alternate one and one for a certain pair of facto 
or that sometimes eight genotypically different kui 
of spores occur in an ascus. Ascobolus carbonariti 
A. geophilus and A. immersus are also heterothallt 
Analysis of spores from individual asei have been maié 
by Betts for the first two species and by Rizet fort 
last one. They found no “one and one” alternatitt 
Until this is done we must assume that in all ast 
mycetes, as in all other plants and animals, only 0 
nuclear fusion occurs in a life eyele. 

No genetic evidence has been obtained in Newrospor 
for such a double fertilization. All are agreed that 
nuclear fusion occurs in Neurospora at the origin ¢ 
the ascocarp. 


CONCLUSION 


In closing I may point out that we should distt 
topics arising in genetic studies of the fungi with tH 
view to aid rather than to interfere with progt® 
Clearness of understanding of what one aims " 
accomplish in the end is certainly desirable an 
helpful. 

Knowledge of the principles of inheritance in 
fungi accumulated to date, should serve to warn thi 
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; barged with breeding economic plants for resistance 
i. .i they must first be informed regarding the stability 
limits of variability of the parasites they seek to 
; reumvent. We know now that new races of fungi 
arising through natural hybridization. Hybrid 
tructures have been obtained showing dominance and 
lial F fendelian segregations with crossing-over at reduction 
ich is such an important feature in furthering evo- 
Bion. We also find in the fungi: mutants, lethal 
; actors, deficient chromosomes, sex-chromosomes, sex- 
™ked characters and other genetic features. To re- 
peat what I have said elsewhere: “The fungi in their 
production and inheritance follow exactly the same 


Moror automatisms in great variety have often been 
explained as “tension outlets.” Tics and other acces- 
sory movements have been said to be the expression 
of “inner tensions” or perhaps to be the “symbolic 
release” of such tensions. Fidgeting, wriggling, pipe 
smoking, gum chewing, automobiling and various 
Cactuyfii/: active sports have received a like extenuation. There 
sholjii/i™ has been, however, little precise definition of the char- 
m acter of these alleged “tensions,” and experimental evi- 
iif dence of their relief by the collateral activities cited 
is not abundant. We present here a brief summary 
of a protracted series of experiments on this topic, 
® conducted during the period of a year and involving 
the measurement of a considerable number of processes 
in 20 subjects during 20 experimental days. 

The experimental approach requires first of all 
specific measures of various forms of “tension,” since 
this word has many meanings. It requires also a 
technique of producing collateral motor automatisms 
and maintaining them, under controlled conditions. 
Perhaps the most popular of the automatisms referred 
to is chewing. Our subjects have been studied under 
three conditions: (a) Normal—not chewing and having 
nothing in the mouth; (b) Chewing—the masticatory 
® being ordinary confectioned chicle, sweetened and 
flavored; (e) Control——allowing a flavored candy wafer 
to melt in the mouth, as a control over such things 
as suggestion, sensory stimulation and like influences. 
iM The studies of the Carnegie Nutrition Laboratory have 
NM shown that the metabolism costs of chewing are the 
Si) Same, whether a gum or a rubber stopper be used. 

i The experimental schedules were so arranged as to 
equalize sueh factors as practise, fatigue and individual 


. ‘The data are reported in full in the writer’s recent 
‘*Psycho-Dynamies of Chewing,’’ Archives of 
; sychology, No, 239, July, 1939, pp. 90. 
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laws that govern these activities in higher plants and 
animals.” | 

I have tried to show that the fungi are not degen- 
erate organisms which are on their way out in a scheme 
of evolution and so of little economic importance and 
scientific interest. The fungi, on the contrary, are 
progressive, ever changing and evolving rapidly in 
their own way, so that they are capable of becoming 
readily adapted to every condition of life. We may 
rest assured that as green plants and animals disap- 
pear one by one from the face of the globe, some of 
the fungi will always be present to dispose of the last 
remains. 


CHEWING AS A TECHNIQUE OF RELAXATION 


By Professor H. L. HOLLINGWORTH 
BARNARD COLLEGE, COLUMBIA UNIVERSITY 


differences. In all cases a preliminary base was 
secured, and the experimental variations gave measures 
which could always be expressed in terms of the base 
for the particular working period. The subjects were 
throughout engaged in various types of standardized 
work, proficiency in which was always measured. Con- 
currently the various measures of tension were secured. 

Tension as Nervous Restlessness. Without the knowl- 
edge of the subjects, special observers watched them 
throughout the working day and periodically rated 
each on a seale of motor restlessness. A restless move- 
ment was described as any motor activity irrelevant to 
the work being done at the moment. The units of 
comparison are steps on the rating scale, and since 
these may not be quantitatively equal the measures 
are relative only; but their direction is clear and con- 
sistent. 

In one experiment (6 subjects, 6 full days of work 
and observation) a decrease of 9 per cent. in restless 
movement was found in the chewing periods. In 
another experiment (4 subjects, 4 days) a decrease 
of 10 per cent. was found. On the whole, therefore, 
there is a decrease of some 10 per cent. in restlessness 
while the masticatory is in use. 

Tension as Feeling of Strain. After each round of 
work (about 45 minutes) the subjects rated on a linear 
rating scale their subjective feelings during the period. 
The linear scale was marked off into 20 equal steps, 
ranging from extreme strain at one end to extreme 
relaxation at the other. The rating was made by 
crossing this line with a pencil at some point between 
these two extremes. The units of comparison are 
again steps on the rating scale. 

The workers unanimously report themselves as feel- 
ing more relaxed while chewing than during either of 
the other two conditions (normal and control). In 
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one experiment (8 subjects, 6 days) subjectively felt 


relaxation increased 14 per cent. over control and 19 
per cent. over normal, while chewing. In another 
experiment (4 subjects, 2 days) the decrease in felt 
strain amounted to 10 per cent.; in a third experiment 
(4 subjects, 4 days) the 10 per cent. strain reduction 
was again the average. 

On the whole, then, tension in the sense of the 
subjective feeling of strain is reduced from 10 per 
cent. to 15 per cent., while the worker indulges in the 
collateral chewing movements. 

Tension as Fatigue. If these two are not identical 
they are at least often closely related, the strain of 
fatigue being contrasted with the freshness of earlier 
hours of work. The problems involved in the measure- 
ment of fatigue are notorious. We have used an 
indicator which has been reported to have some general 
value—the rate of change of designs seen in equivocal 
perspective. 

McDougall reports that fatigue decreases the rate 
of fluctuation of reversible figures (stairease, blocks, 
windmill) and that refreshing substances such as tea 
and coffee increase it. In one experiment (6 subjects, 
6 days) we found no change in the rate of fluctuation 
(Seripture’s blocks) when chewing or when using the 
control wafer. In a second experiment (4 subjects, 
4 days, stairease figure) there was a definite increase 
of 11 per cent. in one-minute periods. In a third 
experiment (6 subjects, 6 days, staircase) the inerease 
was over 7 per cent.; a fourth experiment with 2 
observers also showed definite increase—the increased 
rate of fluctuation in all these cases being in the chew- 
ing periods. 

The net evidence from these four experiments is that 
if there is any change in the rate of fluctuation of 
_ reversible figures while chewing it is by way of in- 
crease, this being the opposite of the effect said to be 
produced by fatigue. In so far then as fatigue means 
tension the indication is reduced tension when the 
masticatory is in use. 

Tension as Effort. Tension as effort might be ex- 
pected to show itself in the consumption of more 
energy and to be reflected in measures of metabolism 
and of pulse rate. We have carried through for one 
week metabolism measures on two workers, but the 
data are too complicated to summarize in this short 
review. They show, however, that such collateral 
activity as chewing may be carried with no actual cost 
to the organism, apparently because of the surplus 
due to reduced motor restlessness. 

In the case of 4 subjects (2-day experiment) at 
sedentary work, pulse rate was found to increase 5 per 
cent. while chewing, this being only half that reported 
when a resting state is taken as the base. In another 
experiment (4 subjects, 4 days) when the main occu- 
pation was moderately active but far from strenuous, 
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no change in pulse rate was found. It is cleay that 
determination of energy costs of chewing, with a rest. 
ing state as a base, can by no means be generalized j, 
cover the situation when this motor automatism ; 
added to a livelier initial activity level. 

Direct Muscular Tension. Perhaps the best meaning 
of tension is the direct muscular strain existing j, 
parts of the body not immediately occupied with ty 
main occupation. Using a specially devised wo 
chair we measured tension at the left elbow joint jy 
the case of two subjects meanwhile occupied with thy 
use of the right arm. Measures were taken 33 ting 
during each hour of two working days, the subjecs 
being occupied with such tasks as cancellation, additiq, 
and recorcing the changes in figures seen in equivoe| 
perspective. 

The apparatus releases, at the experimenter’s wisi, 
a weight which pulls against the unoceupied arm whieh 
lies on a hinged arm-rest. The rate at which the am 
moves when the weight is thus applied is measured (in 
sixtieths of a second) by means of a kymograph ani 
time line. The greater the tension existing in the ary 
at the moment, the slower is the movement produced in 
it by the fixed weight. 

In this experiment conditions were varied each hou 
(chewing, not chewing, control wafer). Without ex. 
ception, with both workers and during all three kinds 
of work, muscular tension is decreased during the 
chewing periods, the decrease amounting to an average 
of 5 per cent. in time units. While chewing, parts of 
the organism not occupied with the main task ar 
appreciably relaxed. The relaxation thus found was 
greater in the case of the more “tense” of the two 
workers. 

Tension as Interference. Any agent interfering 
with the proficient course of work might be said w 
result in strain or tension. In nine different varieties 
of work we have measured the output, for quantity 
and quality, during the three main experimental cor- 
ditions. With the possible exception of work in which 
a wholly new performance is being learned chewing 
while working does not interfere with output. In some 
kinds of work, especially number checking and typing, 
the work is positively facilitated. ~ 

The suggested effect on new learning (not yet ade- 
quately demonstrated) is especially interesting. Some 
investigators have found that muscular contraction 
(tension) is an aid in learning tasks. But all out 
results show that sustained chewing results in a /ow- 
ering of tension, however measured. We might there- 
fore expect to find an indication of interferenc« with 
new learning and such results would be an obverse ¢00- 
firmation of those showing more effective learning 
under conditions of greater tension. 

The Energy of Work. In two ways we have mea 
sured the energy of the movements made in prescribed | 
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activities, while the workers were intent only on the 
Faccuracy and tempo of their work. In a variety of 
tasks the point pressure of writing was measured. In 
a specially devised set-up measure was secured of the 
F nergy of thrust in a “pin target” activity. 

In all these cases more energy was put into the 
activities of the main occupation while chewing. The 
motor automatism not only reduces restlessness (ner- 
yousness), but some at least of the surplus energy 
hus resulting goes unwittingly into the main work. 
Whether or not this results in inereased output obvi- 
B ously depends on the nature of the work. 
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any conception or explanatory scheme of neuro-museu- 
lar dynamics. Advocates of a “drainage” hypothesis 
could show how a collateral automatic activity such as 
chewing serves as an outlet for discharges that would 
otherwise take more devious, uncoordinated, and per- 
haps obstructive or interfering channels. At any rate 
it is apparent that such an activity may serve a neat 
regulative purpose and organize available energy more 
effectively. The subjectively felt gain in relaxation 
may be an introspective indicator of this organization. 
Effectual gains in some kinds of work output may be 
an objective sign of it as may also the increase in the 
energy of the working movements. Reduction of ran- 
dom restlessness may be the machinery through which 
it operates. 

In the case of chewing particularly certain other 
considerations of a somewhat more subtle psycholog- 
ical type may be relevant. These are quite in line with 
certain systematic principles that have usefully guided 
our experimental program during the past dozen years. 
The primary function of chewing is of course the 
mastication of food. Eating is ordinarily a more or 
less “quiet” occupation. When we eat we sit; random 
restlessness is at a low point; we rest; we relax; and 
the general feeling tone is likely to be one of agree- 
ableness and satisfaction. 

An important item of the eating situation is chew- 
ing. It may well enough be that chewing, as a “con- 
ditioned stimulus,” brings with it, whenever it is sus- 
tained, a posture of relaxation. Chewing, in other 
words, may serve as a reduced cue and some degree 
redintegrate the relaxation of meal-time. 


SCIENTIFIC EVENTS 


tim 
Diet Conclusions. All these results tell a consistent story. 
dition [EE The collateral motor automatism involved in the sus- 
Vocal tained use of the conventional masticatory does result 
in a lowering of tension, and the tension thus reduced 
Wish, fe is muscular. In a sense this is only a confirmation of 
whieh the testimony of the chronic pipe smoker, whistler, gum 
2 arm chewer and wateh chain twiddler. His statement is 
d (in {likely to be that he does these things when he is “under 
1 and strain” and that he gets from these collateral activities 
arm a “relief from tension.” The results also give some 
ed in support to the clinical inference that the motor autom- 
atism grows directly out of some tension, for which 
hour it serves as an outlet. 
ex MME Perhaps these results also throw some light on 
inds the striking facet that during the past ten or more 
the fe “tense” years the chicle processors have enjoyed their 
rage greatest prosperity. The results also suggest tech- 
of niques which might be put to good use in “relaxation 
are therapy.” 
was These results ean be fitted readily enough into almost 
two 
ing 
10 THE BRITISH ASSOCIATION IN WAR TIME! 
" Since the Dundee meeting of the British Associa- 
ly tion was brought to an untimely end, the office at 
"a Burlington House, London, has been reopened for 
a the routine work whieh always follows upon the an- 
. nual meeting, and a certain amount of official business 
is also being earried on at Down House, where the 
rooms normally open to the public are closed and 


dismantled, and Charles Darwin’s former dining-room 
serves the valuabic: if regrettable purpose of an office- 
refuge. The first aumber of the new quarterly report, 
The Advancement of Science, will be produced, all 
being well, probably rather later than the announced 
date at the end of October, and in smaller bulk than 
was contemplated. As to its future, and, for that 
matter, the future of the association’s work generally, 
obviously nothing definite can be stated. Prepara- 
tions for the intended meeting next year in Neweastle- 
upon-Tyne have been suspended, by agreement with 


1 From Nature, 


the authorities there. It is an unhappy coincidence 
that the last meeting in that city was the last to be 
held during the last war, in 1916. Conditions are so 
far different now that it is impossible to estimate 
whether any sort of meeting could or should be held 
next year, whether in Neweastle or anywhere else. 
Yet it is permissible to dream of the possibility of 
adapting the association’s very flexible constitution to 
a meeting of four days or so, with science in war time 
as the leading theme, with sessions in three or four 
telescoped sections—physieal, biological, anthropolog- 
ical and economic, for example—and of course the 
Division for the Social and Economie Relations of 
Seience. No doubt before anything of this sort could 
be undertaken there would be need of careful and wide 
inquiry as to the amount of support which might be 
forthcoming for such an effort. But if this were 
favorable, such a meeting could be arranged at rela- 
tively short notice. “The minor humors of war” may 
be offered in advance as one subject on the anthro- 
pologieal side. 
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THE AUSTRALIAN NATIONAL RESEARCH 
COUNCIL 

THE reorganization of the Australian National Re- 
search Council is announced in the Australian Journal 
of Science. The officers elected are: Chairman, Sir 
David Rivett; Honorary Treasurer, Professor O. U. 
Vonwiller; Honorary Secretary, Dr. A. B. Walkom. 

The Executive Committee of the reorganized council 
consists of these three officers elected by the full 
council and two members from each state and from 
the Australian Capital Territory elected by the mem- 
bers of the council in that state or territory. The 
president, the honorary general treasurer and the 
honorary general secretary of the Australian and 
New Zealand Association for the Advancement of 
Science, if resident in Australia, are also ea-officio 
members of the executive committee. Any member 
of the executive committee not resident at the head- 
quarters of the association has the right to appoint 
a proxy from among the members of the Australian 
National Research Council resident there. 

The representatives of the Australian Capital Terri- 
tory and of all states, with the exception of Tas- 


mania, have now been elected, and the list is as follows, 


including proxies where such have been chosen: 


New South Wales: Professor W. J. Dakin, Professor R. 
D. Watt. 

Victoria: Professor E. W. Skeats (proxy, Mr. C. A. 
Sussmilch), Mr. W. E. Wainwright (proxy, Mr. A. J. 
Gibson). 

South Australia: Sir William Mitchell (proxy, Professor 
J. P. Madsen), Sir Douglas Mawson (proxy, Dr. C. 
Anderson). 

Western Australia: Professor E. de C. Clarke (proxy, 
Professor L. A. Cotton), Dr. G. L. Sutton (proxy, 
Dr. W. L. Waterhouse). 

Queensland: Dr. D. A. Herbert (proxy, Mr. E. Cheel), 
Professor H. C. Richards (proxy, Mr. E. C. Andrews). 

Australian Capital Territory: Dr. B. T. Dickson (proxy, 
not yet appointed), Dr. W. G. Woolnough (proxy 
not yet appointed). 


Provision has also been made for the appointment 
of a deputy chairman when the chairman does not 
happen to reside in the state where the executive 
meets, and Professor R. D. Watt has been elected to 
that office. 

The objects of the new Australian National Research 
Council are stated as follows: 


1. In general to promote and assist the advancement of 
research in Australia, and in particular to obtain financial 
support for research work of a national character. 

2. To act as a body which can advise the Commonwealth 
and State Governments as to the direction in which re- 
search is necessary and financial assistance advisable. 

3. To advise the Commonwealth and State Governments 
as to suitable persons to undertake inquiry, investigation 
or research in certain national problems. 
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4, To act as the collective voice of scientific thought i, 
Australia when it is considered necessary and advisable , 
bring under the notice of Governments, public bodies and 
organizations, matters in which scientific direction cay 
affect the well-being and culture of the community, 

5. To organize scientific bodies and workers into 4 
effective unit for use in national emergencies. 

6. To safeguard the interests and status of scientify 
workers throughout Australia. 


RETIREMENT FUND OF THE FIELD 
MUSEUM OF NATURAL HISTORY 

Deraits of a plan whereby retirement incomes yjj 
be provided for employees_of Field Museum g 
Natural History have been made public. Because of 
the museum’s status as an educational institution, its 
employees do not come under the provisions of social 
security legislation. The plan inaugurated indepe. 
dently by the museum management offers the ey. 
ployees benefits many times more generous than thoy 
provided under such laws. 

Under the plan, which operates through a contrac 
with the Metropolitan Life Insurance Company, an 
is now in effect, men employees will retire at age sixty. 
five years, and women employees at age sixty. All en. 
ployees under those ages at the time the plan was 
instituted are eligible, and since the plan was an. 
nounced a few weeks ago, and participation invited 
on a purely voluntary basis, it has been unanimously 
accepted by all those eligible. 

The plan is outlined by Dr. Clifford C. Gregg, di- 
rector of the museum, in the October issue of Field ] 
Museum News, as follows: 


For many years it has been the desire of the manage: 
ment of Field Museum to establish a pension plan which 
might insure a regular retirement income for faithful em- 
ployees after their period of active service had been com- 
pleted. As early as 1916, Mr. Stanley Field, president of 
the museum, established a Museum Employees’ Pension 
Fund, the proceeds of which gave to the employees the 
benefit of insurance protection for their dependents 
While this benefit was greatly prized at the museum, it 
was still felt by those responsible for the operation of the 
institution that the employee himself was entitled to pro- 
tection and leisure in his declining years, as well as some 
security for his dependents. 

Recently Mr. Marshall Field, a trustee of the museum 
who always has been deeply interested in the welfare of 
the employees, provided the means by which such a pel: 
sion plan might be established. Under the plan each em 
ployee pays approximately 4 per cent. of his salary to the 
pension fund. The museum contributes a much large! 
sum, and with the combined contributions purchases 40 
nuities amounting to 14 per cent. of the employee’s salary 
for each year of his membership in the plan, Annuities 
for past service, amounting to 1 per cent. of the current 
salary for each year of service prior to the beginning o 
the plan, will be purchased by the museum without el 
ployee contribution. Normal retirement ages have bec! 
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tat 65 years for men and 60 years for women. Retire- 
ent will automatically occur at those ages unless the 
oard of Trustees requests that the employee continue 
mger in service, which invitation he may accept or decline. 
It is impossible under any circumstances for an em- 
loyee or his estate to receive from the plan less than he 
gs put into it. Upon leaving the museum prior to retire- 
pent, the employee is entitled to the return of his money 
ith interest compounded annually at the rate of 2} per 
ont, In the event of the death of an employee either 


) | rior to or subsequent to retirement, his estate is entitled 
) hig entire contribution with interest compounded an- 
Wil] ually. 
n of Another provision protecting the interest of the em- 
se of ployee who leaves the institution after more than ten 
ears of membership in the Pension Plan is the so-called 
y ‘vested interest’? provision. This provides that an em- 
~ lovee after ten years of membership is entitled to re- 
Pel. BM ive at retirement age the full benefits of the pension thus 


ar purchased for him by both his own and the museum’s 


ontributions. 
The wide-spread approval of the employees is indicated 


Tact by unanimous acceptance on the part of those eligible. 
and Both the management and the employees rejoice in the 
xty- assurance that a lifetime of faithful service at the mu- 
em. seum may be followed by leisure and freedom from finan- 
Was ‘ial worries in the later years of life. 

* A BIOLOGICAL SURVEY OF THE STATE OF 
ted NEW HAMPSHIRE 

sly A BIOLOGICAL survey of the State of New Hamp- 


shire will be undertaken by the newly established Bio- 
di logical Institute of the University of New Hampshire, 
ld BA of which Dr. C. Floyd Jackson, professor of zoology 

and entomology and dean of the College of Liberal 


Arts, is director. 

ch fe The survey, which is described by Professor Jackson 
as something which has long been needed, will be 

I carried on by the staff members of the institute work- 

of in their respective fields. Mammals, birds, am- 

a phibians and reptiles, fish, insects, ornamental plants 


and shrubs, fungi and algae, trees and woods and 
rocks and minerals all will be included in the survey. 
In conneetion with the work, a committee on tax- 
B onomy has been set up to assist teachers, nature study 
; counselors and others interested in the biological sei- 
ences, in the identification of plant and animal speci- 
! ens. Dr, Jackson states that the committee will 
receive any specimens sent in and will identify them. 
The plan works reciprocally, teachers and nature stu- 
(ents will have identified for them plants and animals 
with which they are not familiar, and at the same time 
information will be obtained which ean be used in the 
state survey. 

A survey of the salt water regions of the state will 
be undertaken in the near future. Designed as a sup- 
plement to the water shed survey made some time ago 
by the state, the work will be conducted with the co- 
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operation of the Fish and Game Commission. The 
Great Bay region and the coast from Portsmouth to 
Seabrook will be included in a compilation of biolog- 
ical specimens, their habits and their effects on the 
waters. 


LIBRARY FOR THE HISTORY OF MEDICINE 
AT YALE UNIVERSITY 


THERE has been established in the Yale University 
School of Medicine a library devoted to the history of 
medicine. In making the announcement Dr. Charles 
Seymour, president of the university, said that it 
would constitute 


a treasure house of the utmost importance to the medical 
profession and to scholars in the whole field of the history 
of science. 

Well-known collections which will be brought together 
as the basis of this library are notably those formed by 


_ Dr. Harvey Cushing and Dr. John F. Fulton, of the Yale 


faculty. And word has been received from Dr. Arnold C. 
Klebs, of Les Terrasses, Nyon, Switzerland, that he is 
devising to Yale his magnificent library on the history of 
science and of medicine, including his unique apparatus 
for the study of early texts. The combined collections of 
these friends and collaborators happily supplement one 
another and by this assembly of materials a library of 
great strength has come into being. 

These gifts to Yale are announced for the first time 
and there is promise that they will be joined by others 
when the library wing of the Medical School is extended 
to house them, for Dr. Cushing’s decision to give his 
magnificent library to Yale has been the incentive for 
others to make similar gifts. Medicine may be regarded 
as the mother of the sciences and collections such as these 
will arouse the interest of the student in the scholarly 
aspects of his scientific profession, medical or otherwise. 


To house the collections the library wing of the 
Sterling Hall of Medicine will be extended by funds 
set aside by the Yale Corporation from the estate of 
John W. Sterling. The extension, with room for 400,- 
000 volumes, will take the form of a “Y” shaped build- 
ing. In one prong of the “Y” will be the historical 
collections, in the other a working library for the 
school. Grosvenor Atterbury, of New York, is the 
architect; the Dwight Building Company of New 
Haven is the general contractor. Construction is ex- 
pected to begin in the near future. 


THE RESEARCH COUNCIL ON PROBLEMS 
OF ALCOHOL 


A PROGRAM for attacking the disease of alcoholism 
and the alcoholic psychoses based on research, ap- 
proved by the newly elected executive committee of 
the Research Council on Problems of Alcohol, an asso- 
ciated society of the American Association for the 
Advancement of Science, has been announced by the 


1939 
BER 27 
ble ty 
Cay 
to 
an 
{ 
Pale 
he 
Bip 
4“ 
t 
hos 
4 
= 
Nets 
vay 
‘ 
ig 
i 
Hes 
| th 
| 
. 
= 
ape 


390 SCIENCE 


chairman of the committee, Dr. Karl M. Bowman, di- 
rector of psychiatry at Bellevue Hospital, New York 
City. 

Three grants of financial aid to the council have been 
made. The Carnegie Corporation has appropriated 
$25,000 for a critical survey of all work done to date 
on the effects of aleohol upon the individual, a project 
sponsored by the Department of Psychiatry of the 
College of Medicine, New York University. It is 
under the supervision of Dr. Norman Jolliffee, asso- 
ciate professor of medicine, who recently directed a 
survey of alcoholic psychoses in Europe. The Amer- 
ican Philosophical Society is financing a study of the 
toxie factors in alcoholism, conducted at the New York 
Psychiatrie Institute under the direction of Dr. George 
A. Jervis, and the Dazian Foundation for Medical Re- 
search has granted funds for research on the role of 
alcohol in liver cirrhosis, a project being initiated by 
the College of Medicine at New York University. 
Some 200 patients with liver cirrhosis will be sub- 
jected to clinical, chemical and pathological study in 
an effort to reach a clearer understanding of the rela- 
tion of alcohol to this disease. 

The council proposes to concentrate upon alcoholism 
until the end of 1941. Three major measures will be 
employed: the evaluation and coordination of existing 
research ; the development of a research program along 
lines inadequately investigated or not yet explored 
and the dissemination of the results of such research. 

A statement issued by Dr. Bowman points out that 


SCIENTIFIC NOTES AND NEWS 


Dr. THEOPHILUS S. PAINTER, research professor of 
zoology at the University of Texas, has been appointed 
one of the four distinguished professors of the univer- 
sity. According to the official announcement, the title 
aims “to give nationally recognized professors an 
honor and an increase of $1,000 in yearly salary.” 
Those in the seienees who hold the title are Dr. R. L. 
Moore, professor of mathematics, and Dr. J. T. Patter- 
son, professor of zoology. 


At the Philadelphia meeting of the American Col- 
lege of Surgeons the Medical Records Prize was 
awarded to Dr. Don Wilbur McLean, of Detroit, Mich. 
Honorary fellowships were conferred on Dr. James 
Carre Magee, Surgeon-General of the United States 
Army; Dr. Ross T. MeIntire, Surgeon-General of the 
United States Navy and physician to the White 
House; Dr. Thomas Parran, Jr., Surgeon-General of 
the U. S. Public Health Service, and Dr. Eugene P. 
Olya, of Budapest, Hungary. 


ALEXANDER G. CHRISTIE, professor of mechanical 
engineering at the Johns Hopkins University and 
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the objective of the council is to discover the CAUSES 
alcoholism and better methods for its prevention anq trea 
ment. Prejudice, fear, secrecy and ignorance are an, 
the obstacles to its control. The majority are disposed t 
think of alcoholism as a criminal or moral offense, insteg 
of as a disease for which the patient is often not Tespoy 
sible. Alcoholism and the alcoholic psychoses Constitus 
one of the great public health problems of moderp time 
perhaps the greatest not being systematically attagjy 


The council plans to deal with alcoholism in the Same ( 
general fashion as other public health agencies conty “ou 
tuberculosis, cancer, syphilis, heart disease and other maja, 
threats to human health. | 
palit 
The members of the executive committee are: ); Ch 
Forest R. Moulton, permanent secretary of the Ane. MBA 
ican Association for the Advancement of Science; }; Miiicci 
Winfred Overholser, superintendent of St. ElizabeticfiiEyta 
Hospital, Washington; Dr. Lawrence Kolb, chief ¢ 
the Division of Mental Hygiene, U. S. Public Healj | 
Service; Dr. Hans T. Clarke, professor of biochey. ce 
istry, Columbia University; Dr. Luther Gulick, j. : 
rector of the Institute of Public Administratigy: 
Leonard Harrison, director of the Committee on Yort) Th 
and Justice; Dr. Nolan D. C. Lewis, professor of ps. sh 
chiatry, Columbia University; Austin H. MacCornik§f 
commissioner of correction, New York City; Dr. A. 1a 
Poffenberger, professor of psychology, Columbia (iim 
versity; Dr. Robert W. Searle, general secretary of the Mi" 
Greater New York Federation of Churches, and Alber 
W. Whitney, consulting director of the National Cor HRP at 
servation Bureau. Dr. Bowman is chairman. aS; 
th 


president of the American Society of Mechanic 
Engineers, and Henry Ford have been elected to hor Si t! 
orary life membership in the British Institution o 
Mechanical Engineers. The certificates were to hav 
been presented, together with the James Watt Inter 
national Medal to Henry Ford, in New York on Sep 
tember 8, during the British American Enginceritg 
Congress, which was canceled a week before its opel 
ing because of the inability of the British engineer 
to come to the United States. The American Socitt} 
of Mechanical Engineers expects to award the certil 
eate and gold medal to Mr. Ford at its sixtieth annul 
meeting, to be held in Philadelphia from Deceme! 
4 to 8. 


THE presentation of the George Robert Whitt 
Medal of Honor of the Massachusetts Horticultur! 
Society has been made to Dr. George T. Moore, site 
1912 director of the Missouri Botanical Garden, ‘ 
Louis, in recognition of “his work in developing ‘lt 
garden into one of the outstanding botanical cente" 
in the world and for his success in the breeding 
orchids.” 
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Tue Leslie Dana Medal for achievement in the pre- 
ention of blindness was presented on October 14 to 
Dr. Edward Coleman Ellett, of Memphis, Tenn., at a 
Bainner given by the St. Louis Society for the Blind, 
B, cooperation with the National Society for Preven- 
kion of Blindness. The presentation was made by Dr. 


a dward Jackson, of Denver, who in 1925 was the first 
tacks mrecipient of the medal. 
> Sag On the occasion of the fiftieth anniversary of the 


‘ounding of the University of Sofia, Bulgaria, Dr. Max 

ithorek, attending surgeon of Cook County Hospital 
Sand surgeon-in-chief of the American Hospital of 
Chieago, was made a commander of the Order of St. 
Alexander of Sofia for his contributions to surgical 
science. He had been decorated previously by the 
Sitalian and French Governments. 


Tue following officers were elected at the October 
meeting of the Indiana Chapter of the Society of 
hee Sigma Xi: President, R. J. Hartman, chemistry; Vice- 
; president, R. E. Esarey, geology; Secretary, M. L. 
an Lohman, botany; Treasurer, R. L. Kroe, zoology. 
The retiring president is Professor G. 8. Snoddy, of 
the department of psychology. 


41 Dr. Perry A. Foors, professor of pharmacy at the 
Ur. ge University of Florida, has been appointed acting di- 
f teigmerector of the School of Pharmacy. 


Ibert Dr. CLAY B. FREUDENBERGER, professor of anatomy 
Cot- Mat the School of Medicine of the University of Utah, 
PSalt Lake City, has been appointed acting dean during 
the absence, on account of illness, of Dr. Lyman L. 
Daines. Dr. Edward I. Hashimoto has been appointed 

f to an assistant professorship of anatomy. 


eal CHESTER RUSSELL, JR., professor of engineering at 
= the University of New Mexico, has been appointed 
0 MP associate professor of electrical engineering at the 
avt Me University of Denver. 


er Dr. Luoyp G. HumpHreys and Dr. Claude E. Bux- 
‘PH ton have been appointed to instructorships in psyehol- 
ogy at Northwestern University. Dr. Humphreys 
was a national research fellow at Yale University 
last year, and Dr. Buxton was research associate at 
Swarthmore College. 


i Davin J. Mack, of Purdue University, has been 
or fae *PPointed assistant professor of chemical engineering 
at the University of Tennessee. He will be in charge 
of the metallurgical work of the department. 


Dr. Rosert T. Jackson, formerly assistant pro- 
. fessor of paleontology at Harvard University, since 
t. fe 1928 curator of fossil echinoderms at the Museum of 
¢ fe “Mparative Zoology, has retired. 


Dr. Compe WILSON has been appointed to 
the regius chair of surgery in the University of Aber- 
deen made vacant by the appointment of Professor 
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James R. Learmonth to the chair of surgery in the 
University of Edinburgh. 


Dr. Rotanp K. Meyer, of the department of zool- 
ogy at the University of Wisconsin, will conduct an 
investigation of the physiology of reproduction for 
which a grant has been made by the Lakeside Labora- 
tories, Milwaukee. A similar grant from the same 
manufacturer has been made for an investigation of 
the physiology of sympathomimetic compounds to be 
carried out by Dr. Walter J. Meek, of the department 
of physiology. Dr. R. R. Greene, of Northwestern 
University, has received a grant for an investigation 
of the clinical use of estrogenic substances. 


Dr. Paut W. Warp has been appointed associate | 
secretary of the American Association of University 
Professors. He is on leave of absence as professor 
and chairman of the department of philosophy of 
Syracuse University, where he has taught since 1922. 
He is known to many members of the association as 
chairman of Committee T on the Place and Function 
of Faculties in College and University Government. 


Dr. Morris J. BuisH, head of the department of 
agricultural chemistry of the University of Nebraska 
and professor and chairman of the department of 
chemistry of the Nebraska Agricultural Experiment 
Station, has taken up his work as chief of the Protein 
Division of the Western Regional Research Labora- 
tory of the Bureau of Agricultural Chemistry and 
Engineering at Albany, Calif. He will be engaged in 
the development of new industrial uses for the pro- 
teins of wheat, alfalfa, seeds and kernels. 


Dr. Lupwie TELEKY, formerly of Diisseldorf, has 
been appointed technical adviser to the division of 
occupational hygiene of the Illinois State Department 
of Public Welfare, Chicago, where he will be asso- 
ciated with Dr. Milton H. Kronenberg, chief of the 
division. 

ProressorR JOSHUA Harotp Burn, professor of 
pharmacology at the University of Oxford, has been 
nominated to be for five years a member of the Gen- 
eral Council of Medical Education and Registration 
in the United Kingdom in succession to Sir George 
Newman. 


Dr. WILLIAM BEzBE will spend the month of Novem- 
ber on a lecture tour extending from Georgia and 
Texas to Idaho and Washington. His subject will be 
the life of the deep sea as studied by him on the 
Oceanographic Expeditions of the New York Zoolog- 
ical Society. 

In celebration of the hundredth anniversary of the 
founding of the American Statistical Association a 
special program is being arranged in connection with 
the annual meeting on the afternoon of December 29, 
and a joint dinner of the allied societies will be given 
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in the evening. Dr. Raymond Pearl, professor of biol- 
ogy at the School of Hygiene and Public Health of 
the Johns Hopkins University, president of the asso- 
ciation, will make the principal address. 


Dr. W. B. Cannon, professor of physiology in the 
Harvard Medical School and president of the Amer- 
ican Association for the Advancement of Science, 
spoke at the University of North Dakota on October 
11 under the auspices of the Society of the Sigma Xi, 
the Graduate Club, the Medical School and the District 
Medical Society. His subjects were the “Maintenance 
of Stable States in the Body,” “Chemical Mediation of 
Nerve Impulses” and “Effects of Strong Emotions.” 


Dr. JAMES B. Conant, president of Harvard Uni- 
versity, and Dr. Robert G. Sproul, president of the 
University of California, will be the principal speakers 
on November 1 at the academic centennial convocation 
of the University of Missouri. 


Dr. Perrin H. Lona, associate professor of medi- 
cine at the Johns Hopkins University, gave a Mayo 
Foundation lecture at Rochester, Minn., on October 7. 
He spoke on “The Experimental and Clinical Use of 
Sulfapyridine and its Sodium Derivative in the Treat- 
ment of Pneumococcal Infections.” 


THE first Barnard Hospital Lecture on “Female 
Hormones and Genital Cancer” will be given by Dr. 
Edgar Allen, of the Yale University School of Medi- 
cine, in the auditorium of the St. Louis Medical So- 
ciety on October 31. 


In an effort to interest the public in the problems 
faced by endowed colleges, the alumni of the Case 
School of Applied Science are sponsoring a nation- 
wide radio-broadeast of a discussion of the endowed 
college of engineering. It will be heard over the coast- 
to-coast facilities of the Mutual Broadcasting Com- 
pany on Saturday, October 28, from 1 to 1:30 P.m., 
Eastern Standard Time. The speakers will be Dr. Zay 
Jeffries, technical adviser to the General Electric Com- 
pany; Randolph Eide, president of the Ohio Bell Tele- 
phone Company; Lee M. Clegg, executive vice-presi- 
dent of the Thompson Products Company; David 
Dietz, science editor of the Scripps-Howard News- 
papers; Sam W. Emerson, president of the Sam W. 
Emerson Company, contractors, and George 8S. Case, 
chairman of the board of Lamson and Sessions Com- 
pany, who will act as chairman for the discussion. 
Alumni of the college will hold luncheons simulta- 
neously in about forty cities to listen to the discussion. 


THE autumn general meeting of the American 
Philosophical Society, Philadelphia, will be held on 
November 17 and 18, in the hall of the society, Inde 
pendence Square. 
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Tue sixtieth annual meeting of the American 
ciety of Mechanical Engineers will take place x th 
Bellevue-Stratford Hotel in Philadelphia, Pa., 
December 4 to 8. Nevin E. Funk, vice-presidey; d 
the Philadelphia Electrie Company and chairma , 
the general committee, is making arrangements 4, 
the meeting. An attendance of more than 3,000 They, 
bers is expected. Present plans call for 35 techniy 
sessions at which 105 papers will be presented; , 
smoker and the introduction of the new officers of ty 
society on the evening of December 5; the anny 
banquet and the conferring of medals and award; » 
December 6; college reunion luncheons and dinna 
on December 7. 


Section I (Psychology) of the American Assojp 
tion for the Advancement of Science will meet in (), 
lumbus, Ohio, from Wednesday to Friday, Decemby 
27 to 29. Besides programs of special papers, they 
will be a symposium on Thursday morning on “Tk 
Internal Environment and Behavior” under the chai 
manship of Dr. Ross A. McFarland, of Harvay 
University. There will also be a joint session wit 
Section Q (Education) and a joint dinner with th 
same section, at which time Dr. J. F. Dashiell, of thy 
University of North Carolina, will deliver one of th 
addresses, All members and fellows of the sectin 
are invited to send abstracts in duplicate (not mor 
than 300 words in length) of papers which they wii 
to present. No paper presented can be allowed mor 
than 15 minutes’ time on the program. Abstract 


should be sent to the Section Seeretary, Dr. Leonarl 


Carmichael, Tufts College, Medford, Massachusetts 
not later than November 4. 


A MEETING of the New York State Section of th iim 
American Physical Society was held at the Rens i 
laer Polytechnic Institute at Troy on October 21. Tie 
“Address of Weleome” was made by Dr. W. O. Hotel: 
kiss, president of the institute. There were two s& 
sions for the reading of technical papers and 
exhibit of undergraduate projects in physies. 


THE twenty-sixth annual meeting of the Americal 
Association of University Professors will be held » 
New Orleans on December 27 and 28. Headquarter 
for the meeting will be at the Jung Hotel. The pr 
gram will consist of committee reports, addresses aul 
symposia on subjects of professional concern to (dl 
lege and university teachers. Among these subjects 
are academic freedom and tenure, freedom of speetl: 
policies and procedures of the association and plat 
and funetion of faculties in college and univers!) 
government. The meeting will be preceded and fol 
lowed by sessions of the national council of the ass 
ciation. 
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HYSIOLOGY OF THE NERVOUS SYSTEM 
x discussing some criticisms by Dr. Alexander 
bes of his book on the “Physiology of the Nervous 
tem,” Professor Fulton, in Science of August 4, 
59, makes the following statement with deliberate 


echnig hasis: “I know of no evidence fit for critical 
ited: ,lMpmination that would place the liberation of acetyl- 
: Of thilmmpline as a primary event essential for synaptic trans- 
annuy sion, in any division of the nervous system, central 
ards «a peripheral.” In the case of the peripheral part of 
dinney filme system, with which the direct evidence yet available 


,lmost entirely concerned, the statement seems to call 
some comment. 
he validity of the fundamental observation, that 
tylcholine is released at ganglionic synapses by pre- 
glionie impulses, was challenged by Lorente de N6,* 
1 Professor Fulton’s book seemed to show that he 
accepted its dismissal. I take the view that it has 
on effectively reinstated by MacIntosh,” whose evi- 
Myce, as I think Professor Fulton would agree, must 
pnd until it has been directly answered. If this fun- 
Bnental observation is correct, it means that acetyl- 
oline is released at the synapses by preganglionic 
pulses, in such concentration that it must directly 
cite the ganglion cells to the discharge of post- 
nglionie impulses, or, to use Professor Fulton’s 
brase, its liberation must be a primary event essen- 
fl for the synaptic transmission. It has rather hastily 
en assumed that, if acetylcholine were thus to act as 
Bmansmitter, its disappearance during the refractory 
meriod, necessary to prevent repetitive discharge, could 
mly be due to cholinesterase. Consequently, a whole 
th @mmerature has grown around observations on the 
nse Mimenglion with eserine, the largely negative character 
which has, I think, been given undue importance 
y advocates of the electrical theory. The inadequacy 
evidence for a particular mode of its disappearance 
bes not, strictly, weaken that for the appearance of 
etylcholine, in stimulating concentration, at the syn- 
mptic endings of preganglionic fibers. To dismiss such 
idence, put forward by observers who are at least 
kperienced and responsible, as not “fit for critical ex- 
mination,” might seem a little severe; but it will be 
oted that Professor Fulton’s statement might mean, 
terally, not that he repudiates such evidence, but that 
eis not aware of its existence. 
It may be admitted, further, that the possibility 
at the acetylcholine liberated at a synapse might act 
ily as a sensitizer, necessary to render an electrical 
ansmission effective, has been. considered as an alter- 
ative, even in publications from my own laboratory. 
Ht I understand Professor Fulton, he might regard this 
“fa as more worthy of consideration, since the fune- 
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" Lorente de N6, Am. Jour. Physiol., 121: 331, 1938. 
MacIntosh, Jour. Physiol., 94: 155, 1938. 
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tion of acetylcholine in such a system, though essential, 
might be regarded as not primary—if, indeed, it would 
be proper to apply that term to one of several condi- 
tions essential to an effect. My chief concern, in any 
case, is with the evidence that the liberation and the 
activity of acetylcholine are in some way essential to 
transmission, at peripheral synapses and motor nerve 
endings. Even this, I think, would not be accepted 
by some of the distinguished contributors to the illu- 
minating “Symposium on the Synapse,”? quoted by 
Professor Fulton in support of his own present be- 
lief. Through Professor Fulton’s kindness I had an 
early opportunity of seeing this impertant document. 
Professor Erlanger and Dr. Lorente de N6, in par- 
ticular, there present a case for a purely electrical 
theory of synaptic transmission, which undoubtedly 
merits a critical examination. Dr. Bronk and Dr. 
Forbes make contributions to this in the same’ sym- 


posium, where they urge, from different points of _ 


view, the necessity of considering at least a chemical 
participation in, or a chemical aspect of, the synaptic 
phenomena. It is not likely, however, that either of 
them could have been fully acquainted with the num- 
ber of facts now available, which suggest a singular 
significance in synaptic transmission for the release 
of acetylcholine, and for which a purely electrical 
theory appears to afford no explanation. Many of the 
observations in question are quite recent, and some, 
indeed, have not yet been published. Perhaps I may 
be allowed to offer a short list of some of them, as a 
footnote to the symposium and a modest contribution 
to the critical examination of the electrical theory. 


(1) Nicotine (Feldberg and Vartiainent) and Curarine 
(Brown and Feldberg5) annul the response of ganglion 
cells to preganglionic impulses and to acetylcholine, with- 
out affecting their response to K-ions in the case of 
Curarine, and without interfering with the release of 
acetylcholine by preganglionic impulses. These state- 
ments are equally applicable to the action of Curarine on 
voluntary muscle (Dale, Feldberg and Vogt*); Brown, 
Dale and Feldberg?; Brown’). Buchthal and Lindhard,® 
applying Curarine directly to the motor end plate of a 
lizard’s muscle fiber, have found that it becomes insensi- 
tive simultaneously to motor nerve impulses and to appli- 
eation of acetylcholine, while K-ions similarly applied 
and direct electrical stimulation of the end plate are still 
normally effective in causing contractions of the fiber. 

- (2) After section of a preganglionic nerve, release of 
acetylcholine by preganglionic impulses and synaptic 

8 “Symposium on the Synapse,’’ Jour. Neurophysiol., 
2: 361-472, 1939. 

4 Feldberg and Vartiainen, Jour. Physiol., 83: 103, 1934. 

5 Brown and Feldberg, Jour. Physiol., 86: 10 P., 1936. 

6 Dale, Feldberg and Vogt, Jour. Physiol., 86:.353, 1936. 
Dale and Feldberg, Jour. Physiol., 87: 394, 
1936. 

8 Brown, Jour. Physiol., 91: 4 P., 1937. 


® Buchthal and Lindhard, International Congress of 
Neurologists, Copenhagen, 187, 1939. 
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transmission disappear together (MacIntosh!°), at a time 
when conduction in the preganglionic fibers is still unim- 
paired (Bacq and Coppée1?). 

(3) When Locke’s solution containing no glucose is 
perfused through a ganglion, continued stimulation of the 
preganglionic nerve rather rapidly exhausts the mechanism 
of synaptic transmission, and the output of acetylcholine 
fails with it; both being promptly restored when glucose, 
lactate or pyruvate is added to the perfusion (Kahlson 
and MacIntosh12). 

(4) Perfusion of a ganglion with Locke’s solution 
lacking calcium, while it renders nerve fibers and ganglion 
cells abnormally excitable, in particular by K-ions, stops 
the release of acetylcholine by preganglionic impulses, 
and therewith synaptic transmission, both again being 
promptly and simultaneously restored by addition of cal- 
cium to the perfusion (Harvey and MacIntosh!3). © 


Many observations by other workers could be cited, 
such as the important, though less direct, evidence of 
Cannon and Rosenblueth,’* which Dr. Forbes men- 
tioned. Even this limited selection, however, from 

‘those with which I have been directly in touch, seems 
to me to contain points worthy of critical examination 
by a supporter of a purely electrical theory, who, unless 
he can show that they are not valid as facts, should be 
prepared to explain how that theory accommodates 
them. 

H. H. 

NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 

HAMPSTEAD, LONDON, NW. 3 
AUGUST 28, 1939 


THE USE OF PRONTOSIL AS A VITAL DYE 
FOR INSECTS AND PLANTS! 


REcENT studies by the writer on the effect of sulfan- 
ilamide compounds on a leafhopper vector of a virus 
disease have resulted in some incidental observations 
of some general interest. 

One of these compounds, Neoprontosil,? has proved 
to be a useful vital stain for both plant and insect. 
Young corn seedlings, with or without the roots cut off, 
take up the dye with extreme rapidity, it being a mat- 
ter of seconds for the leaves to be visibly streaked with 
red. After a few hours, the entire plant may show 
the red color diffused throughout or the lower leaves 
only may be entirely colored, with color on the upper 
leaves showing only as streaks in some of the fibrovas- 
cular bundles. 

When nymphs and adults of Peregrinus maidis 

10 MacIntosh, Jour. Physiol., 92: 22 P., 1938. 

11 Baeq and Coppée, Jour. Physiol., 92:17 P., 1938. 

12 Kahlson and MacIntosh, Jour. Physiol., 96: "277, 1939. 

13 Harvey and MacIntosh. In course of publication 


14Cannon and Rosenblueth. Am. Jour. Physiol., 119: 
221, 1937. 

1 Published with the approval of the director as Miscel- 
laneous Paper No. 29 of the Pineapple Experiment Sta- 
tion, University of Hawaii. 

2 Winthrop Chemical Company, Inc., 170 Varick Street, 


New York, N. Y. 


Ashm., the corn leafhopper, were caged on these » 
saturated leaves, the presence of the dye in the jy, 
could be easily observed through the body wall, RP J 
feeding a day or two. 

The experiment was tried of caging three or fo, 
the insects in a cage which limited feeding of the py, 
to a portion of the leaf tissue less than 1 9, em, 
area. Under these circumstances, great variatig,; 
the amount of dye visible in the individual insects 
be observed, varying from no outward evidence 
to complete diffusion through the body of the jpg 
An insect showing no evidence of coloration froy ; 
outside may still have ingested the dye, as may be» 
from colored defecations. This variation in ang 
of dye absorbed may be due either to variatic; 
the amount of feeding by individual insects or to 4 
ferences in the permeability of the intestinal traets4 
individuals of the same species or to the specific pig 
tissues reached by individual insects. This last alig 
native is not confirmed by experiments wherein the} 
sects were fed on solutions of the dye through me 


branes. Again, similar differences in amount of visi 


dye were to be found, insects caged on a single ing 
brane showing all the degrees of color variation 
none to a dense red diffused color. 

Solutions up to 5 per cent. strength have been wi 
with one per cent. sucrose added for food, when # 
dye was administered through membranes. 

WALTER Carte 

UNIVERSITY OF HAWAII 


FORMATION OF A LARGE ALCOHOL BEA 


A SLIGHT vacuum was applied to the residual laf 
mass in the preparation of absolute alcohol. 
alcohol came over quite rapidly and formed a som 
what warm layer. As the rate of distillation hecam 
less, the drops of alcohol distillate were cooler a 
formed beads very readily on the surface of the liq 
in the receiver. A short while later the surface of ti 
alcohol had risen to touch the tip of the delivery til 
and a bead about 2.5 em in diameter and hemispherité 
in shape was seen to be attached to the delivery tu 
Distillation was proceeding at the rate of about 
drops per minute, and the bead kept increasing in sit 
until at the end of 18 minutes it measured about 7.5¢ 
in diameter. The bead was in constant rhythul 
pulsating motion, changing its shape from that d! 
wide shallow saucer-like object to that of a nar 
deep bowl. It seemed to be much more highly reftit 
tive than the bulk of the aleohol distillate. Finally t# 
bottle became so full of alcohol that distillation l# 
to be stopped, and when the receiver was disconnettt! 
the bead burst. 

Thus, in the time during which the bead was ® 
served, the volume increased from 4.1 em? to 110.5 
and the total stable existence of this bead becot! 
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-ECENT PUBLICATIONS OF THE BRITISH 
MUSEUM (NATURAL HISTORY) 


ius war of 1914-18 reduced the publication of 
plogical research to about half its normal amount, 
+ in the last few years there has been a complete 
overy, so far as the total output is concerned. Had 
heen possible to maintain peace and provide oppor- 
nities for scientifie cooperation all over the world, it 
s to be expected that the biological sciences would 
ntinue to develop at a constantly accelerating rate, 
a future which we can hardly imagine. Knowledge 
uld not only increase rapidly, but would be so organ- 
d in catalogues, monographs and the like that in 
ite of its bulk and variety, it would be increasingly 
able. Mankind would come to an understanding of 
ing nature far beyond that which was possible even 
few decades ago. 

Bin this great work the British Museum (Natural 
istory) has long been a leader. Its catalogues, at 
st designed to enumerate the specimens in the Mu- 
m, soon developed into monographs of the various 
oups of animals—the birds, reptiles, fishes of the 
rid; or detailed and beautifully illustrated revisions 
particular groups, such as Boulenger’s four-volume 
brk on the “Fresh Water Fishes of Africa.” Few 
bople have any idea of the magnitude and importance 
the British Museum publications, because they are 
rely seen assembled together, and no one has occasion 

consult all the different works dealing with so many 

erent topics. It must be said, however, that these 

visions and monographs not only serve the needs of 

ecialists, but also contain much of general interest 

pr the biologist, if he has patience to dig it out. The 

mesent review deals with some of the most recent pub- 

ations, quite inadequately, yet perhaps with sufficient 

tail to arouse interest. 

(1) The British Mosquitoes. By J. F. MarsHatu. 

p. 341. 1938. The author of this work, finding mos- 

toes exceedingly abundant about his home on Hay- 

g Island, beeame interested in their study and 

Fsanized a control scheme in 1921. This led to the 

stablishment of the “now well-known British Mosquito 

ontrol Institute, which has been ever since a centre 

br both pure and applied research upon mosquitoes, 

nd is in addition an admirable educational museum.” 

he British mosquitoes had been so extensively and 


SCIENCE 


pute. 

; would, doubtless, be quite interesting to develop 
echnique and grow a large bead to find just how 
ve and how stable it could be. Several attempts 
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mit 19 minutes at a growth rate of 5.9 em? per to do this have failed, and the phenomenon must be 


viewed as a combination of happy probabilities. 
C. F. Winans 
THE GOODYEAR TIRE AND RUBBER COMPANY 
AKRON, OHIO 


SCIENTIFIC BOOKS 


intensively studied that one might have supposed there 
was nothing more to be done, but Marshall’s book, 
dealing with every phase of the subject and beautifully 
illustrated, is outstanding for its originality and marks 
a great advance in our knowledge, as may be seen by 
comparison with the “Handbook of British Mos- — 
quitoes” published by the British Museum in 1920. I 
ean strongly recommend this new mosquito book for 
consultation in all entomological laboratories, especialiy 
as a model for those doing graduate work. 

(2) Mosquitoes of the Ethiopian Region. Part 1: 
Larval Bionomics of Mosquitoes and Taxonomy of 
Culicine Larvae. By G. H. E. Hopxins, of the De- 
partment of Agriculture, Uganda. Part 2: Anophe- 
lini, Adults and Early Stages. By the late Dr. ALWEN 
M. Evans, of the Liverpool School of Tropical Medi- 
cine. The first of these works (250 pp.) catalogues 
the species and records what is known of the larvae 
and their habits. The second book (404 pp.), by Miss 
Evans, has to do with the group which is concerned 
with the transmission of malaria and is therefore of 
prime importance in connection with public health. 
Miss Evans, long known as a keen student of mos- 
quitoes, was fortunately able to visit Africa a few 
years ago, and after her return practically completed 
her monograph, and took it to the Museum. She was 
evidently ill at the time, and in August, 1937, she died, 
to the great regret of those who knew her or knew of 
her work. Dr. F. W. Edwards, of the Museum, saw 
the book through the press, adding some items to bring 
it quite up to date, and it was published in May, 1938. 

(3) Bombyliidae of Palestine. By E. E. AUSTEN. 
Pp. 188. 1937. Major Austen, who was keeper of 
the Department of Entomology in the Museum, took 
part in the Palestine campaigns of 1917-1918, and 
while engaged in military service was struck by the 
number and variety and also the beauty of the Bom- 
byliidae or bee-flies of that country. He accordingly 
collected all he could and brought together those which 
had been collected by others, and when on his retire- 
ment he found sufficient leisure for the work prepared 
the detailed and beautifully illustrated volume pub- 
lished in 1937. The results were astonishing: out of 
128 species or varieties, 46 proved to be new. These 
flies are of economic importance, being parasitic in the 
larval state on other insects, some of them on injurious 
loeusts. 
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(4) Monograph of the Genus Erebia. By B. C. 8. 
WarREN. Pp. 407 and 104 plates. 1936. This is a 
model treatment of an important genus of butterflies 
found in the Northern Hemisphere. The adult insects 
only are dealt with, as so little is known of the larvae, 
which are grass-feeders. The interest of the book for 
biologists in general centers in the detailed discussions 
of geographical distribution and the differentiation of 
species, subspecies and mutations. The author’s views 
and results are provocative of lengthy discussion, 
which can not be attempted here. 

(5) A Monograph of the Pierine Genus Delias. By 
G. Tatsor. In six parts, concluding part VI pub- 
lished in 1937, bringing the pages to 656 and the plates 
(several colored) to 71. These butterflies, abundant 
and varied in the Oriental Tropics, but absent from 
Africa, have been studied in great detail by the author 
who has examined the structural characters and so put 
the species on a firm foundation. Mr. Talbot was 
curator of the private museum of Mr. Joicey at Witley, 
Surrey. In 1932 Mr. Joicey died, and later his entire 
collection of Delias, numbering 6,800 specimens, was 
presented to the British Museum. The monograph is 
thus based on abundant material and constitutes a re- 
vision in the best sense of the word; a new vision would 
more literally describe it. 

(6) A Catalogue of the Ammonites of the Liassic 
Family Liparoceratidae. By L. F. Spatu. Pp. 191 
and 26 photographic plates. 1938. In Bristol, many 
years ago, when the fossil-collectors were seen going 
out with their hammers, it used to be a current joke 
to say: “Those are the Hittites, going after the Am- 
monites.” The Ammonite fauna preserved in the rocks 
of Southern England is extraordinarily rich, and the 
said Hittites, over a period of many years, have accu- 
mulated very large collections, which show the evolu- 
tion of types from one age to another. Dr. Spath’s 
study of one group of these molluses, published in the 
most sumptuous form, enables the reader to examine 
the evidence in detail and form his own opinions. 
After reading the work I felt that in some cases the 
interpretations given might be criticized, but could only 
admire the elegant presentation of the facts. 

(7) The British Rhaetic Flora. By T. M. Harrts. 
Pp. 84, 5 plates. 1938. A critical study of a small 
but important flora by the professor of botany in the 
University of Reading, who is especially known for 
his excellent work on fossil plants from Greenland. 
Botanists will be interested to find that one of the 
plants, an alga, is referred to the living species Botryo- 
coccus braunii Kiitzing. It has a variety of names 
based on fossil specimens, the oldest (from Esthonia) 
dating back to the Ordovician. Professor Harris de- 
clares that the abundant specimens agree perfectly with 
the living alga, but with no other organism, and he is 


not willing to treat them as distinct so long as he; 
unable to specify any distinguishing characte; 

(8) Fossil Orthoptera Ensifera. By F. E. Zep 
Text pp. 321. Plates xxx, in separate volumes, hy 
It has long been a reproach to European enton), 
that the various museums have contained great ¢qj, 
tions of fossil insects of prime importance fo 
understanding of the subject, yet almost wholly 
nored by the taxonomists. It is difficult to under, 
why these precious and often beautiful specimens by 
not attracted many students, while even such pape, 
have been published have received scant attention, 
recall my astonishment when, having found fossil ty 
flies in Colorado and placed a specimen in the Gegly 
cal Department of the British Museum, I found thy 
leading authority on living tsetse flies, working; 
another department of the Museum, had not had 4 
curiosity to look at it. Dr. Zeuner’s fine work rp 
sents a breaking away from such apathy, and desk; 
a comprehensive manner with the grasshoppers, eri 
ets and similar insects, having an extended oviposi 
in the female. These insects are of great antiouiy 
and appear to have been the first musicians in 4 
world. Some very striking types, after survivy 
through millions of years with comparatively |itj 
change have died out before the modern period. } 
the crickets, as we know them to-day, were singing 
the forests and fields many millions of years ago, w 
have undergone no important change in the |g 
interval. 

In addition to such monographie or revisional wor 
as are cited above, we have the reports of importa 
expeditions, as follows: 

(1) Expedition to Patagonia and South Chile. 
flies (Diptera) were especially collected, very mu 
new species being found. Part 7, fascicle 3, is bei 
me, partly written by D. A. Hall, of the U. S. Depat 
ment of Agriculture, and partly by John Smart, 
the British Museum. 

(2) Ruwenzori Expedition of 1934-35. This 
a botanical-entomological expedition to the high mot 
tains in the vicinity of the great African lakes, wi 
F. W. Edwards and G. Taylor, of the Museum, # 
leaders. It was supported by grants from the Pet 
Sladen and Godman funds, the Uganda Governmel 
and Mme. de Horrack Fournier. Three volumes # 
the insects have been coming out in parts, each devolt 
to some special group. The first has to do espetitll 
with the blood-sucking flies; the second with other fi 
and the third with various insects, including butterflié 
caddis flies and fleas. The authors are mostly Britis] 
but one lives in Germany, another in Australia. TH 
illustrations are numerous and excellent. | 

(3) Great Barrier Reef (Australia) Expedition! 
1928-29. This has to do with marine life and the "ym 
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ns parts, though dealing with a remote region, are 
Br creat interest to American students. This will be 
Me jerstood from the citation of some of the titles, such 
.: Rock-destroying organisms in relation to Coral 
Recs; The Zooplankton; Copepoda; Larvae of the 
Mecapod Crustacea ; Mollusea (a very large report, of 
hich part 1 has appeared). 

(4) The John Murray Expedition of 1933-34. 
‘ve volumes have been appearing in parts. The re- 
‘on surveyed was the Indian Ocean and the Gulf of 
Aden, full use being made of the echo-sounding ma- 
hine, which made possible the detailed mapping of the 
ean floor. In addition to the purely oceanographic 
ork, very large collections of the marine animals were 
ade, and I have before me detailed reports on such 
roups as the Cirripedia, pelagic Hemiptera, Pennatu- 
Macca, Amphipoda, Scyphomedusae, Polychaeta, As- 
Meroidea, Phyllirhoidae, Pteropoda, Penacidae, Opis- 
hobranchia, Astacura and Palinura, Pyenogonida and 


morals. 


NOTE ON WATER IN NON-AQUEOUS 
SOLUTIONS 


In various models designed to imitate living cells 
the cell surface is represented by guaiacol, which acts 
ery much like certain protoplasmic surfaces. In such 

models the behavior of water presents interesting fea- 
tures and it is desirable to ascertain to what extent 
hey occur in the living cell. ‘ 

The following example serves to illustrate the situa- 
tion. To a two-phase guaiacol-water system at equili- 
brium at 25° C. we add increasing amounts of tri- 
chloroacetie acid and find that the concentration of 
water in the guaiacol phase steadily increases while its 
activity in this phase decreases.t When its concentra- 
tion has inereased 12 times its activity coefficient falls 
sto less than 1/12 of its value before acid was added.?:* 
This indicates an attraction of the acid for the water.‘ 
At the same time the activity coefficient of the 


1 This is shown by the fact that as the guaiacol phase 
takes up more water it comes into equilibrium with a 
series of aqueous solutions with decreasing vapor pressure 
of water, 
? The activity coefficient of water in the guaiacol phase 
before acid is added may be regarded as fw=@w + Cw 
Where dw is the activity and the cy» the concentration of 
water in the guaiacol phase. When acid is added the 
vapor pressure of the water in the guaiacol phase, pw, 
pfalls to pw (x), where 2 <1. When enough acid has 
been added to raise ¢w to 12 cw and to lower aw to dw (y), 
where y < 1, and fw to f’w we have f’w =Gw(y) + (12¢w). 
‘We have been unable to find similar calculations for 
other systems in our preliminary exploration of the litera- 
we but data exist which might be employed for this 
ose, 
‘This will be discussed in a forthcoming article in the 
Journal of General Physiology. 
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The above account does secant justice to the activities 
of the British Museum, but the reader will get some 
idea of the volume of the work and the liberal policy 
with regard to publication. As I write, the news from 
Europe is extremely discouraging, and it is to be feared 
that the torch of science, if not extinguished, will be 
so dimmed as to shed little light or will blaze anew in 
creating means of destruction. Progress in human 
affairs, within the period of my recollection, has been 
so great and in most respects so admirable that it is 
hard to understand how any reasonable individual or 
group of individuals can fall under the influence of 
social pathology, nullifying the good that has been 
done, and might so easily continue in ever-increasing 
volume. The return to social health and sanity will 
no doubt eventually occur, but how soon and in what 
manner? In the meanwhile, scientific workers will 
carry on as circumstances may permit. 

T. D. A. CocKERELL 

UNIVERSITY OF COLORADO 


SPECIAL ARTICLES 


guaiacol in the aqueous phase falls off nearly as much, 
indicating an attraction of the acid for the guaiacol. 

Since the acid can attract both water and guaiacol 
it is able, when added in sufficient quantity, to make 
the two phases fuse into one. 

A number of other systems follow this pattern, as is 
evident from the literature.© Substances which act 
like trichloroacetic acid (in other systems) are other 
organic acids, lower alcohols, acetone, phenols, aniline 
hydrochloride and pyridine.® 

Trichloroacetic acid in diffusing through the guaiacol 
phase appears to carry water with it. Water moves 
from an aqueous solution where the concentration, 
mole fraction, vapor pressure and activiity of water 
are low to one where they are high. A variety of 
factors must be considered in this connection.* 

One interesting feature is the following. Let us 
suppose that a diffusion cell is set up and that the 
diffusion reaches a steady state so that the concentra- 
tion gradient of acid in the guaiacol phase may be 
represented by a fixed straight line, as in Fig. 1. 

We may then represent the concentration gradient 
of water as in Fig. 1, since it is obvious in shaking 
experiments that for each concentration of acid there 
is a definite concentration of water. 

The concentration gradient of acid is due to flux of 
acid, but that of water need not be due to flux of 


5Cf. ‘‘International Critical Tables,’’ 3: 398 f., 
MeGraw-Hill Book Co., Ine., New York, 1928, where var- 
ious diagrams show that as the non-aqueous phase (which 
is not guaiacol) takes up more and more water it comes‘ 
into equilibrium with aqueous phases containing less and 
less water just as in the guaiacol-water-trichloroacetie acid 
system. 
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Concentration —> 
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water; there might conceivably be no flux of water or 
a flux in either direction. 

Since the activity of water in the guaiacol phase 
falls off as its concentration increases it would seem 
that we may draw the activity gradient of water in 
the guaiacol phase as shown by the broken line in 
Fig. 1. 

These considerations may help to explain some of 
the puzzling cases met with in the living organism. 

W. J. V. OsteRHOUT 
J. W. Murray 
THE LABORATORIES OF THE ROCKEFELLER 
INSTITUTE FOR MEDICAL RESEARCH, 
New 


CEREBRAL METABOLISM DURING FEVER! 


THE treatment of general paresis with hyperthermia, 
initiated by Wagner-Jauregg in 1887, is now an ac- 
cepted form of therapy. In some manner fever facili- 
tates the action of specific treatment in the cerebral 
form of syphilis. In an attempt to elucidate this 
question, the brain metabolism of patients with general 
paresis was studied before and during fever produced 
by injections of typhoid vaccine and inductotherm 
therapy. Samples of arterial blood and of the return 
flow of the brain obtained from the internal jugular 
vein were analyzed for oxygen, carbon dioxide, glucose 
and lactie acid. The changes of cerebral blood flow 
were estimated from the variations of blood pressure 


1 From the Department of Physiology and Pharmacol- 
ogy, Albany Medical College, Union University, and Bel- 
levue Psychiatric Hospital, Department of Psychiatry, 
New York University Medical College. This work was 
aided by a grant from the Child Neurology Research 
(Friedsam Foundation). 
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and the velocity of the general circulation as dete, 
mined by the objective cyanide method of Robb ag 
Weiss.2. The cireulation rate through the brain 
largely influenced by the changes of the general cing 
lation.* 

Complete studies were obtained on 7 patients atte . 
typhoid vaccine and 7 during fever therapy yy 
inducto-therapy. Table I presents typical effects 


TABLE I 
—= 
Experi- Tempera- Oxygen A-V Velocit Mea: 
ment ture difference of | 
Mercy 
(°F.) (Vol. %) (See. ) millimey 
1. 98.0 5.15 17.6 132 
100.4 6.55 11.0 126 
102.0 6.63 10.0 113 
104.4 7.61 13.0 101 
106.0 9.14 7.4 103 
2. 98.8 6.93 15 108 
105.4 7.88 11 79 
105.3 7.09 4 % 
3. 98.6 7.75 20 110 
105.0 15.82 17 112 


fever on the oxygen A-V difference, velocity of tl 
blood and mean blood pressure. In 11 of 15 obsery. 
tions the oxygen A-V difference rose from 2.0 volums 
per cent. to 8.1 volumes per cent. In 12 of 15 exper. 
ments the blood velocity was also increased, as my 
be seen in a typical result (Experiment I). In 3 othe 
results (one of which is presented in Experiment II) 
the oxygen A-V difference remained unchanged within 
the error of the method. Th velocity of the blood fi 
of the general circulation, however, was_ increas 
approximately 14 and 34 times. In these cases tl 
more rapid blood flow was associated with the lowe 
peripheral resistance, as indicated by a fall in blo 
pressure. One patient (Experiment III) reactel 
poorly and lapsed into a comatose condition. At thi 
stage the oxygen A-V difference became huge, wii 
the velocity of the blood revealed only a small accelet 
tion. The small O, reserve in the venous blood ind: 
cated an insufficient O, supply to the brain. It is sug: 
gested that this relative anoxemia produced the com’ 
Thus in every instance an increase of cerebril 
metabolism during fever was indicated. This increa* 
was evidence by a larger oxygen A-V difference, 
faster blood flow, or both. The effect of the heightened 
metabolism of the brain on cerebral syphilis warran's 
further investigation. 
Harotp E. Himwic# 
Kart M. BowMAn 
W. GOLDFARB 
JosePH FazeKs 
2G. P. Robb and 8. Weiss, American Heart Journal, 8: 
1932-3, 650. 
3H. 8. Forbes and 8. 8. Cobb, Brain, 61: 221, 1938. 


4 Himwich, Bowman, Wortis ‘and Fazekas, Jour. Am 
Med. Asn., 112: 1572, 1939. 
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CRYSTALLINE SALMON PEPSIN* 


\ GLOBULIN type protein possessing high proteolytic 
ivity has been isolated in erystalline form as color- 
. needles from the stomach mucosa of the Pacific 
st king salmon (Oncorhynchus tschawytscha). The 
wife proteolytic activity, as measured by the Hb 
thod,! is comparable with that of crystalline mam- 
lian pepsin. The activity decreases with lowering 
nperature, the decrease obeying the Arrhenius equa- 


deta, 
Drain j 


ts afte 
PY with 
Kees g 


— BB) between 37° and 0° C., which more than covers 
—_ » temperature range of the salmon’s natural environ- 
Merey nt. The optimum pH for the digestion of Hb is 


pr pH 2.2, which corresponds to that of Northrop’s 
ystalline pepsin.? As determined by the minimum 
ubility of the amorphous form, the isoelectric point 


103 s close to pH 1.9. 

108 Identical potency and crystalline form are obtained 
Ly her by direct acid extraction or by alkaline extrac- 
110 mn of the zymogen and subsequent conversion to pep- 
12 HM by acid. The latter method has been found to give 

of the 

serve. 


DETERMINATION OF THE VELOCITY OF 
SOUND IN A GAS; APPLICATION TO 
ANALYSIS OF MIXTURES OF 
HELIUM, OXYGEN AND 
NITROGEN 

eSivce the weight of helium is approximately one 
venth of that of nitrogen, variations in the volu- 
‘ase Bet ric percentages of these two gases in a mixture 
tect the density, hence are reflected in changes in 
me velocity of sound in the mixture. The amount of 
mygen present in a mixture of gases can be deter- 
ined by any standard method. Determination of the 
locity of sound in a mixture of helium, oxygen and 
@trogen, together with an analysis for oxygen, makes 
possible to determine the volumetric percentages of 
@! three gases in the mixture. 

An apparatus for determining the velocity of sound 
h a gas has been constructed which is particularly 
wl hited for mixtures of helium, nitrogen and oxygen 
Mig. 1). A glass tube 5 feet long, 1 inch in diameter, 
mared at the top to a diameter of 2 inches, is placed in 
he vertical position. The upper end is covered with 
ightly stretched rubber dam. Near the upper end are 
ide tubes for inflow and outflow of gas. The lower 
nd is sealed. Near the lower end is a side tube for 
flow and outflow of water, to enable one to alter the 
ngth of the column of gas in the tube. A small jar 
@°° saturating the incoming gas with water vapor is 
placed in the side tube through which the gas enters. 


be Contribution No. 89 from the Oceanographic Labora- 


1M. L. Anson, Jour. Gen. Physiol., 22: 79, 1938. 


*R. M. Herriot and J. H. Northrop, Jour. Gen. Physiol., 
8: 35, 1934, 
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a much greater yield and is now being used as follows: 
The ground mucosa is mixed with three times its weight 
of water and brought to a pH of 8.0-8.2 with NaHCO, 
for extraction. This mixture is strained through cloth 
and filtered; the extract is then acidified with 2N 
H.SO, to a pH 1.8-1.9 and the solution filtered with 
the aid of Hyflow Super Cell to remove denatured 
proteins. Solid (NH,).SO, is added to 0.6 saturation 
to precipitate the enzyme, which is filtered off. The 
precipitate is dissolved in M/10 acetate pH 4.2 and the 
solution clarified by filtration. Precipitation with 
(NH,).SO, at pH 1.8-1.9 is repeated twice more. The 
final precipitate is dissolved in a minimum volume of 
M/10 acetate pH 5.0, centrifuged quickly, and allowed 
to stand at room temperature. Crystals begin to form 
in a few hours, the process being facilitated by seeding 


and stirring. Eart R. Norris 
DANIEL W. ELAM 


OCEANOGRAPHIC LABORATORIES AND 
DIVISION OF BIOCHEMISTRY, 
UNIVERSITY OF WASHINGTON 


KCIENTIFIC APPARATUS AND LABORATORY METHODS 


A rubber bag, provided with a rubber escape valve, is 
attached to the side tube for outflow of gas. Thorough 
flushing out of the apparatus is essential. If a sample 


Fig. 1. Diagram of apparatus used in determining the 
velocity of sound in a gas. a. Tuning fork; b, ther- 
mometer, which can be placed either as indicated or ad- 
jacent to apparatus; c, side tube for inflow of gas which 
has been saturated with water vapor by passing it over 
water; d, glass tube. A slight increase in resonance is 
obtained if the upper end of this tube is fiared to a diam- 
eter of approximately 2 inches; e, water reservoir, con- 
nected by rubber tubing to side tube at lower end of 
apparatus; f, rubber bag, provided with rubber escape 
valve; g, rubber diaphragm over upper end of glass tube. 
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of limited quantity is to be analyzed, the apparatus 
can be clamped shut at the proper moment. A tuning 
fork whose frequency of vibration per second is 512 is 
placed over the upper end of the tube. By striking the 
tuning fork and raising and lowering the column of 
water, points of resonance (accentuation of the hum 
of the tuning fork) are found. The distance between 
two adjacent points of resonance is half of one wave- 
length. This distance times two, multiplied by 512 
(the frequency of vibration of the tuning fork) equals 
the velocity of sound per second. A small correction, 
which is rarely significant, is made in the velocity 
for variation in laboratory temperature (Table 1); 


TABLE 1 


CORRECTION OF VELOCITY OF SOUND FOR VARIATIONS OF 
TEMPERATURE FROM 24° C 


Velocity of 
sound, meters 
per second to 650 750 850 900 and over 


1° C. equals 
(meters per 
second) + 0.5 +0.14 +£0.33 special correc- 
(see be- 
ow 


Add or subtract 
with rise in 
temperature subtract subtract add add 
Special corrections for velocities of 900 meters per second and 
over: 
18°C. 19 20 21 22 23 2 2 26 27 23S 2 2 
—4.1 -3.6 -3.0 -2.4 -1.7 -0.9 0.0 +1.1 +2.2 +3.5 +5.0 +6.7 +8.5 
“_** indicates substraction for correction to 24° C.; “+” 
indicates addition. 


changes in the temperature affect the velocity by 
changing the density of the gases and by changing the 
amount of water vapor in the mixture. 
The formula for the velocity of sound in a gas is 
where 


V=velocity of sound in centimeters per second; 

y = Cp/Cv=ratio of specific heat at constant pressure to 
that at constant volume (y for oxygen is 
1.401; for nitrogen it is 1.404; for helium it 
is 1.66) ; 

P=pressure in dynes per square centimeter; and 

d=weight of gas in grams per cubic centimeter. 


A chart (Fig. 2) has been constructed on the basis 


of computation of the theoretical velocity of sound | 


for many different mixtures of helium, oxygen and 
nitrogen. In using the chart one can read horizontally 
from the experimentally determined velocity of sound, 
corrected for temperature, to the determined percent- 
age of oxygen, which may have to be interpolated, 
thence vertically to the percentages of helium and 
nitrogen in that portion of the gas remaining after 
deducting the oxygen. In practice, a large-sized 
replica of Fig. 2 on graph paper is used. 

No attempt has been made to control all the sources 
of error, most of which are small and may offset one 
another. It is possible to determine the velocity of 
sound with our apparatus with an accuracy of ap- 


900 
900 


Ve/o erty - meters per second 
a 
Ss = s 


o 10 20 30 40 50 60 W 60 90 100hkin 
100 90 80 7 60 50 40 30 20 10 O Nitro 


Volume % in (100-% 03) 
Fie. 2. Chart showing the velocity of sound at 24°( 
in mixtures of helium, oxygen and nitrogen, saturatd 
with water vapor. 


proximately + 0.5 per cent. (range of variability) al 
to determine the percentages of helium and nitrogeni 
the whole mixture with an accuracy of approximate 
+ 1.0 per cent. (range of variability). The apparatu 
and method are intended for practical use in medic 
or industry where this degree of accuracy is satisii 
tory. The apparatus is inexpensive, mobile, simp 
and easy to use. ; 
B. 
Water M. Boorusy 
Marvin M. D. 
THE CLINIC 
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